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CHAPTER 16 
TIMING CHARTS 


16-1 GENERAL INTRODUCTION 


This chapter is a compilation of all the computer timing charts, The pulse and level 
notation used on these charts is described in Chapter 8. The timing charts vary in 
format and content, but generally they are arranged to show the events initiated by the 
various counter time levels. To facilitate their use, the charts have been arranged in 


the following groupings: 


START-STOP CYCLE 
ADK (Alarm Delay Counter) 
SSC (Start-Stop Control) 


SPECIAL CONTROL CYCLES 
CSK (Change of Sequence Counter) 
FK (F Memory Counter) 
XWK (X Memory Write Counter) 


PK-QK MEMORY CYCLES 
U 


PK (PEM, PM, PK, PHM, p and PE) 
ak (a, Qk”, QKM!, QKM,., and QKM =) 


PK-QK INSTRUCTION CYCLES 


opr? 9S EXK STE JOV 
opr“= ADK FLF JPA 
oMP DPX FLG JNA 
JPX SKM st- EXA 
INK LDE ITE INS 
AUX SPF ITA COM 
RSX SPG UNA TSD 
SKX LD- SED 


PK-QK-AK INSTRUCTION CYCLES 
cY-, SC- MUL DSA ADD, SUB 
DIV No- TLY 


Generally it is necessary to examine one or more charts from each of the above groups in 
order to see the overall activity taking place in the execution of an instruction. For 
example, suppose a LDA is executed. First the PK Memory Timing Chart is examined to 
determine the events taking place during the instruction memory cycle. Since XWK is 
started during the PK memory cycle, the XWK timing chart is also examined. Next the QK 
Memory Timing Chart is examined to determine the events taking place during the operand 


. 
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memory cycle. Since FK is started during the QK Memory cycle, the FK timing chart is also 
investigated. The operand instruction logic (as distinct from the operand memory logic) 
is found on the LDA Instruction Timing Chart. This too is examined. In this way a 
composite picture of the activity taking place during a LDA is obtained. 


A brief description of the significance of the logic found on the timing charts accompanies 
each timing chart. In the case of the Instruction Timing Charts, the description has been 
supplemented with diagrams showing the significant data transfers, logic nets, etc. Some 
of the Instruction Timing Charts have also been illustrated with specific numerical 
examples. The intent is to bring out the general and special features of each counter 

and OP code. 
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16-2 START-STOP CYCLE 


16-2.1 INTRODUCTION 


There are two closely integrated systems that influence the starting and stopping of the 
computer. These are the start-stop control system and the alarm processing system. 


The start-stop control system is basically a complex synchronizer for the start-stop 
console pushbuttons. The heart of the alarm processing system is the ADK counter. ADK 
time levels are also used in the start-stop control system. 


These two systems individually and jointly generate control levels which become inputs 


to the Control Element. The Control Element then directly controls the starting and 
stopping of the computer. 
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16-2.2 START STOP CONTROL 
The computer can operate in any one of three push button modes: 


1) Low speed repeat (LSR*) 
2) Low speed push button (LSPB*) 
3) Hi speed (LSR° - LSPB’=hi speed) 


The effect of depressing the START button depends on which of the three push button modes 
the computer is operating in and the condition of the alarm system. However, the effect 
of depressing the STOP button is always the same, i.e., it is independent of the push 
button mode. 


Start. Pressing the START button sets the START, flip-flop in the START synchronizer and 
the STOP, flip-flop in the STOP synchronizer. The next alpha (@) pulse, after these flip- 
flops are set, sets the START, flip-flop to ONE. START, enters as a factor in all the 
interlock start conditions, i-.e., in the epee, pISTARTo, gr START and cg START levels. 
The following alpha pulse (the pulse after the one which set START, ) EEE STOP, 
flip-flop if the computer is not in the low speed repeat mode, i-.e., if LSR’. If the 
computer e in the low speed repeat mode (tsr*), then the STOP, flip-flop is cleared by 
LSO. store clears all the stop flip-flops, i-e., PKS) PKS, >? ier and CSKS. These stop 
flip-flops enter into part eat ae — conditions, i.e., PKS) is a factor in the 
pyeARty level, etc. PKS), Bs axs° ? csKs? and START, seetieh essentially all the 


control levels going to Re en Element from the cae stop system. 


Note that when STARTS, the STOP IO Unit level is generated. This level stops all free- 
running I0 Units. 


Stop. Pressing the stop button clears the START) flip-flop. (START, is also cleared 
by the occurrence of a SYNC alarm or an AL level when the AUTO START switch is turned 
on). The START, flip-flop is cleared by either START) or AL. STARTS immediately turns 
off all the interlock start levels. 


If the computer is in either of the low —— modes, the STOP, flip-flop is set 0.4 
microsecond after it is cleared. When stop) >? the stop eee on the console, i-e., 
STOP ON CSK, STOP ON QK, etc-., are used to sae the stop flip-flops, i-.e., PKS,» PKS,» 
etc. In this way, only the interlock start levels selected by the console switches are 
turned off. The computer now stops only when it needs one of the selected levels in. 
order to proceed. 


If the computer is in the low speed push button mode (LSPB), the START button must be 
depressed in order for the computer to proceed, because in this case the START button 


clears STOP, F 
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16-2.3 ADK (ALARM DELAY COUNTER) 


ADK controls the alarm processing system. One of its major functions is to convert 
asynchronous inputs into synchronous alarm control levels which can be used by the 
central computer. 


ADK is a modified two stage Gray code counter. It is modified in the sense that two 
delay units (ALD, and ALD, ) are an integral part of the counter's logical circuitry. 


The counter starts only when an unsuppressed alarm occurs or when the SYNC SYSTEM STOP 
level is generated. Such an occurrence, as indicated by the presence of the AL level, 
triggers the ALD, delay unit. ALD, in turn places the counter in the 01 state. The 

counter stays in this state until ALD, times out synchronously. During this period a 


level is generated for the CHIME ON UNSUPPRESSED ALARMS. 


At the end of the period (aun? ), the counter goes into state 11 and ALD, is triggered. 
PRESET 

During this delay a preset level for the Control Element (SS on” is generated if 

the AUTO START and PASOFA (Preset And Start Over After Alarm) switches are on. The flag 

in sequence 00 is also raised if the PASOFA switch is on. 


After the delay is over (anny, ), the counter will remain in state 11 unless the AUTO START 
switch is turned on or until the CLEAR UNSUPPRESSED ALARMS push button is depressed (cay ). 
From state 11 the counter proceeds to state 10 at which time all the unsuppressed alarms 


are cleared. 


Pressing the START button has no effect unless ADK is in state 00. If an unsuppressed 
alarm has occurred and the AUTO START switch is not on, then ADK remains in state 03 
until the CLEAR UNSUPPRESSED ALARM button is pushed. Note that the CALACO button first 
clears the unsuppressed alarms and then generates a START pulse. 
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ADK: ALARM DELAY COUNTER 


LL, STOP, , LL, START, 
LL, START, 


{PB Stayt iKS Fare SS 
START? + START} = -+ > > 


> 


LL, ALD, 


PASOFA + \PB Starfover 
PASOFA + AUTO-START 
A 


Loe 
A ei a 


OCSAlsup "°° Us it 
QSAbsup ccc > 
MPAL cup 9 : > 
NPAL sur eg Se ee 
Sus FPAL sup me Les e erey Pe > 
LO ADK, 5 LO.CUA 


NOTES ocsA' + OCSAlsup + * > 
1. ADK NORMALLY SITS PSAL' + PSALsup «+ => 
IN STATE 0000. QSAU + QSALsup > 

THE INDEXING OFADK  MPAL' + MPALsur (°° > 

1s INITLATED BY THE NPAL' + NPALsup °° > 

AL SIGNAL. XPAL' +) XPALsup > 
FPAL «FAL sup > 

IOSAL! * TOSAlLsup'** > 

2. THIS TIME STATE MISAL' * MISAlsup' °° > 
IS .4us IF THE AUTS- MOUSETRAP' > °° > 


START SWITCH IS ACT- 


NO CHLME ON ALARMSysyp > CHIME ON ALARMS usu 


(PB Clear Alarmsusup LL, CUA 


LLog SYN, (STARTOVER SEO 
| Preset e CE 


LO. ALD: [PB Clear Alarmsusup 5 => LI, CUA 


L2 OCSAL 
LO, PSAL 
(OQ, QSAL 
LO, MPAL 
LO, NPAL 
LO, XPAL 
LO, FPAL 
LO, JOSAL 
LO, MISAL 


IVATED OTHERWISE THE LPB Clear Alarms sup, > LIL, CSAD  (CSAD = CLEAR SUPPRESSED ALARMS DELAY: DE. =!00us) 
TIME INTERVAL DEPENDS 
ON THE MANUAL SETTING CSAD' + OCSALsup > L&VOCSAL 
OF CUA VIA THE CLEAR CSAD' + PSALsurp *:' > LO, PSAL 
ALARMS psap SIGNAL CSAD' + QSAlsurp = *' > LO, QSAL 
CSAD' a MPAL sup fe 2 LO, MPAL 
| CSAD' + NPALsup °° > LONPAL 
CSAD' + XPAL sup > 10, XPAL 
CSAD' *  FPALsue = LOYFPAL 
CSAD' * -TOSAlsup ° > (0, TOSAL 
CSAD' + MISAlyuep °° > LO. MISAL 
[PB Presefhl sss) > LOL TSAL, LO, USAL, LO. MOUSETRAP 
(PB Clear Alormsusup oe S&S LO, SYAL 
AL = ALARM SVD! reve teen ‘+ = CHIME ON ALARMSusup 
CAL = CLEAR UNSUPPRESSED ALARMS 
PASOFA = PRESET AND STARTOVER AFTER ALARM 
CALACO = [PB Clear Alarmssup, + (PB Clear Alarmsusup, * (PB Start 
CODABO = [PB Stop » (PB Cleary Alarms sup + |PB Clear Alarmsusup * (PB Preset. - (PB Startover. . [PB Start 
STARTS = STOP UNIT 
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16-3 SPECIAL CONTROL CYCLES 
16-3.1 INTRODUCTION 


The timing charts in this section cover the events initiated by three special purpose 
counters. These counters are CSK, FK and XWK. 


The FK and XWK counters control the F and X Memory systems, respectively. FK controls 
the read-write process in the F Memory, while XWK controls the write process in the X 
Memory (the read process is controlled by PK and CSK time levels). By having these 
processes controlled by independent counters, it is possible to initiate the processes at 
several different PK, QK and CSK times. Normally the XWK counter is started in pia and 


FK in QO, 


The CSK counter has a double function. It controls the events that occur during a change 
of sequence, and is also used as a delay synchronization counter in the PK waiting states. 
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16-3.2 CSK (CHANGE OF SEQUENCE COUNTER) 


CSK is a modified four stage counter. It counts in states 00 through 07, when csK) and 

in states 08 through 11, when CSK.- In the first instance, CSK is interpreted as the 
change of sequence counter (CSK); and in the second instance, as the delay synchronization 
counter (DSK). 

CSK cannot start unless the car START condition is generated. On the other hand, DSK can- 
not count (assuming CSK;, and PK is in one of the waiting states, i.e., PX?, pre or 

pK-3) unless XWK is in its 00 resting state. 


Change of Sequence. When CSK starts it transfers the address of the next program counter 
from the output of the J Coder into N Me Two possibilities exist: 
1) If the selected register is number 00, then a ZERO is placed in X and the 
contents of TSP is placed in N, ih XAS is cleared in this case so that the 
? 
X Adder (XA) contains the content of N, p ise., TSP. 
a 


2) If the selected register is not register number 00, XAS is set and the content 


of the selected X Memory register is then read into X. Since N5 l 
? 


ously cleared, the sum formed in the X Adder is just the content of X. 


was previ- 


In either case, the X Adder contains the value of the new program counter. The contents 
of K and N ? representing the numbers of the old and new program counters, respectively, 
are saved in E. In cs 3, the content of K and N j are interchanged. The flag of the 
Trapping Sequence is also raised at this time if the 2.9 bit of the new program counter 
is a ONE and the mode of the Trapping Sequence asks for this information. In ose 
the value of the new program counter is copied into P, while simultaneously the value 


of the old program counter is copied into both X and E, 1° 
, 


The value of the old program counter (now in X) is stored in the X Memory register 
specified by N j (N j now contains the address of the old program counter) by starting 
the XWK counter in cs? ne. X is also cleared at this time. 


PI, is cleared in cg Oh, and in es? the flag of sequence number 00 is cleared if 


the new sequence is sequence number OO. 


Finally in eso? a certain amount of logic is performed which takes further into account 
the requirements of the Trapping Sequence. The information in Eis placed inM. Ifa 
change to the Trapping Sequence has just occurred, because of a trap on the 2.9 bit of a 
program counter, the content of M is simultaneously placed in E. The content of M 
represents information left over from the previous CSK cycle. If the CSK cycle is one 
in which a trap on the 2.9 bit of the new program counter occurs, then this is indicated 


in cs" by the ss 4 ES level and causes PI. to be set. The fact that PI, is set causes 


3 3 
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CSK 


the current CSK cycle to be followed immediately by another CSK cycle. 


Delay Synchronization. CSK, is set whenever the computer is to wait in "limbo" for some 
interlock condition to change. In this case DSK simply counts from 08 through 11 repet- 
itively. Finally the interlock change will occur and psx will sample the desired 
interlock conditions. At this time CSK), is cleared and the counter goes into cs, 


Each time DSK enters state 11, an IOI clock pulse is fired off (except when either CSK,, 
is being cleared or the QK cycle of a TSD is being performed). 


In the pK? waiting state, DSK cycles until the flag of a sequence (of any priority) 
goes up. In the pyoe waiting state, DSK cycles until either the Arithmetic Element 
prediction net (AEI) indicates that the Arithmetic Element will soon be available or, 


if the previous instruction did not hold, until a sequence with a higher priority wants 
attention (pr‘= ve ie F 


In the prs waiting state, DSK cycles either until the PI level indicates the 
current instruction can proceed or until some other sequence requests attention via the 
toes mE level. Whether this other sequence is a sequence of any priority or one of 
a higher priority depends on whether the current instruction is a TSD or whether it is 
an instruction which does not hold, respectively. 
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CSK: whl! SEQUENCE COUNTER 


csystert . 
Csrstart + 


LU. XR, LL XB, LLeXAc 
LOL E 
LO, N2,; 


xR' irs. Obs Dey Lo, XR 
ec TSP—+*Nz, 5 LO,XAS 
NP + (KEP - xs) Xs Lhe Xs 
: eS LL, XAS 
Kk" + XPs°) XM + X, Xp 
Kr Eggs 


Nse-31 > Exe-3,) 


K+ Nsw-s 
N3.¢-31 ~~ K 
TRAP SEQUENCEcompuran svnc ° TP) * KD * Xzq > Lrase, Flag ** (TRAP SEQ) 


Li» xR, LLXB, LL, XPS, [start XWK 

Lo, PI; 

XA—+~P 

P—++E,, 
XPAL sup + XPAL°' * > P—+>X (NOTE XPAL IS ALWAYS IS ALWAY OAT THIS TIM 
Meee eS LeveL 


xR! (PLUS. Obys DE.) > (©, XR 
KD%® emits, FLAG 


E+ + M 
i Bochregs ee eS LO, PI, , (Se PIs, LLePIs 


TRAP SEQUENCE compuren sve + TP! + KD» x 2 Me 


tty. CSK) 


NOTE 4: CSK} « (PKO* + PKO . PK2% +KWKO) > TSK | +=CSK 
NOTE 2: CSKh* Ki3g > KDEK 


ssttret = aT LEAST ONE FLAG IS UP OTHER THAN KD]. (SEE Nore 2) 
gsch rez — A FLAG OF HIGHER PRIORITY THAN KI IS UP. (SEE NOTE 2) 
SEE NOTES 122 


C TOS CSK, ° a a ae ee ee > OB, CSK 

5, TS SK, * (QKIRTA + QB) > IOI Clock PULSE 

S| | PRom + settee - (QOE+ KOM) > LL, Ply 
pKoos . ssot req > Loy C5Kk, 

Wik, PK? + AET > LO, CSky 

PKA = prAEch seq - P LO, CSKy, O,PK, LO, PT>, LLLPI;, LOePls 
PKeae « prwaik eS, se > [O, CSK,, 24, PK 
PRE Prev s pyre®® 6 + © > LL, pr, 
PKEIA . prleavesey + + + © © > LO, CSky, WORPK, LLAPIs 
PK234 . prleave seq = PKIRXM + * D> [start KXWK 


C5Ky* CCSKg + CPKO* © PKOM © PK » XWK™)] = C5Ky + XWK% « (PKOOM + PK O24 + PKE) 


LIMBO = 

csrstert = pq. pre . pr! « yw? » xB° + EB?~ CSKS® + START2 

Prehet Ss AT Somtry » Me 

prieave seg = pre ch set. (rKrRAE + (PKIREK~ KAMAE] + soallres « pyretsd - [rocmes + (QKIRS + QBI 
prwt = ATs TPKIRAE + (PKIR®™. XAAE)] + PKIRTS -[r0cm8® + (QKIR* . OB')] 
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16-3.3 FK (F MEMORY COUNTER) 


FK is used, in conjunction with a pulse delay line, to control the load and store 
processes involving the thin magnetic film F Memory. In these processes FK time levels 
(either directly or via a delay line) are used to control the E and QTR ap registers and 
the F Memory read-write process. 


FK is used in this manner for two purposes: 


1) To read a configuration word into QKTR op from the F Memory register. In this 
case FK runs from FeO to Fe a. This occurs in all the operand type instructions 
(except the F Memory instructions themselves). In these instructions FK runs 
during the QK cycle. FK is also used to read out a configuration word during 
JPA, JNA and JOV. These are non-operand type instructions and FK runs in them 
during the PK cycle. 


2) To execute the F Memory instructions themselves. In the case of FLF and FLG, 
FK reads out the content of the specified F Memory register(s) into the E register. 
Conversely, in the case of SPF and SPG the specified F register(s) are loaded 
from E. The execution logic of these instructions require that FK permute the 
content of E. (See discussion of FLF, FLG, SPF and SPG Instruction Time Charts. ) 


STARTING CONDITIONS. During most instructions FK is started at x00 when QK starts. 
However, for the JA instructions and FLF and FLG, FK is started via the FI interlock and, 
in the case of SPF and SPG, FK is started in the QK cycle at x3, Note that, in the 
case of FLF, QK does not start until the gas condition is generated at re as when FI 


is set. Similarly, in the case of FLG, the gr START condition is not generated until 


rer, 


DELAY LINE. FK initiates the F Memory read-write cycle by pulsing the F Memory delay 
lines in the even numbered FK states, excluding the terminal state of FK. Thus, when 
only one F Memory cycle is required, the delay line is pulsed only in Fe a even though 
FK runs through states 00, 01 and 02. Similarly, is the case of SPG and FIG, the delay 
line is pulsed only four times, even though FK runs through states 00, 01, 02, 03, Ol, 
05, 06, 07 and 08. 
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FK COUNTER CONF ee MEMORY 
A 


(start FK > PULSE DELAY LINE 
Ghat FK > FK7+1—+> FK 


° 
Sane NOTE: FC ALWAYS ZERO 


, 
eal FC°> LL, FW; PKIR'. PKIRG > CFM QKIRet 

lsq] LOeFR; Puree > LeaKrRe | 
la FO > loeFW 


PKIR® > Est Es, E,+*E,, E, FE, 
pKIR'! > Ee Ey 
PKIR® > QKIRct t= Eq 


PKIR + (FPM4+ FPALsyp + PKIRSL) > PULSE DE LIN 
PKIRS > FPS” > Lig FPAL 

PKIR® > LO, FK, LO,FKB, FK'+1—+» Fk 
PKIR + PkIRSf + PKIRIt > LLL FI 
PKIR‘If > E,—+eE,, Ez+>E,, 
E,—++E;, FE, t~E2 


A = 
. PRIRcY + 1—~ PKIRef 
FC°+ PKIR'F > 2, QKIRet 


A 

5 

Lael Fe°> LLAFWs PKIR¥. PRIRG > CFMt-OKIRet 
lag PKIRM. BKIREL > EL OxrRet 

sl 


LO, FR; PKIRG > 19, QkIRc¢ 


el FC° > 19, FW 


pKirf > Egor Es, Es t~E2, Este, 
pxir'f > E, > Ey 
PKIRS! > QKIRj +E, 


PKIR" - (FPRM+ FPALsu + PKIRG) > PULSE DE LINE 
PKIRG * FP’ > LLS FPAL 


Al Pam 
PKIRct + 1—+ PKIRc4 


al FC°+ PKIR'f > 12+ QKIRet 


ci as 
aol FC 


°S>Ll, FW PKIR'f. PKIRG SCFM-3+QKIRet 
PAIR , PKIRG > E, = QKIRct 
1O, FR; PKIRG > LO, QKIRc+t 


R 
fc eer 


PKIRf > Eytee;, E,4+E,, E,t-E, 
pKIRY > E, +E, 
PKIR? > QKIRcf t= E, 


PuIR# + (FPS FPAL cup PKIR'S) >PULSE DE LINE 
PKIR? > FPR > Lig FPAL 
Qkir*?? > LO, EB 


Pkirs# > LL FI 
Lt, FK8 


1 
54, U2eFR; PKIRG > los QkIRcsf 


FC° > Lo. FW 


PKIR' > E,-++E,, Ex 3*E,, ETE, 
PKIRM > E +e, 
PKIRSt > QKIR<{ + Ey 


ak PAIREE * FP > Uy FPAL 


= PKIR™ + PKIR™e 
pxrr't = pxrrs?ts pKrRsP2 
perrs! = pKrrtlt + PKIRFIS 
PKIR*f = PKIRSPI + PKIR#I3 
PKIR® = PKIRS? + PKIRS + PKIRF+ + PKIRF!S 
= Qk, art ort. PRKIRSER + OK. (QKIRPI4 QKIRSP)+FI° ERY (PKIRS*s pKIRI®) 
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16-3.4 XWK (X MEMORY WRITE COUNTER) 


This counter controls the. logic used in writing the content of the X register into the 
selected X Memory register. The counter does not control the logic used in reading out 
the contents of a selected X Memory register into X. This is accomplished by the PK or 
CSK counters. 


XWK sets the XW interlock to ONE in xwe™, This turns the WRITE current on. The XB 
interlock is cleared to ZERO at xwKo?* indicating that the X register will in 1.6 micro- 


seconds no longer be "busy" (xB°). 


The XW interlock is cleared to ZERO in xl, This turns the WRITE current off and 
effectively ends the X write cycle. 


The conditions for starting XWK are discussed in detail in Chapter 10. The interlocking 
of XWK with other counters is also discussed in Chapter 9. 
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16-4 PK-QK MEMORY CYCLES 
16-4.1 INTRODUCTION 


This section covers the PK and QK Memory Timing Charts. All of the instruction, deferred- 
address and operand read-write control is found on these charts. The charts also cover 
much of the interlock control, waiting state logic, In-Out control, alarm control, X 
Memory control and a variety of miscellaneous control logic. 


The PK and QK Memory Timing Charts have very similar formats. All of the memory dependent 
logic is columnated by memory, e.g-, all the S Memory dependent logic is found under 

PKMS or ax » depending on whether an instruction or deferred address word, or an operand 
word, respectively, is involved. (It is worth noting the similarity of the entries in 
the corresponding PKM and QKM columns.) A miscellaneous column is included on each chart, 
and also one or more columns are included showing the basic interlock control. 


The PK Memory timing chart covert pe? through Pe a. The basic PKM cycle extends from 
px? through PK, pes and Pe are special time levels used to determine what activity 
will follow the current PK cycle. 


The QK Memory timing chart covers a 3 through at, The basic QKM cycle extends from 
QK° through x3}. The actual states used depend on the specific instruction. In some 


cases the basic cycle is extended to accomodate the needs of the instruction logic. 


Note that Vip is usually referred to as a toggle switch memory, even though it also 
contains plugboard and other memory registers. 
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16-4.2 PK CYCLES 


INTRODUCTION 


Unlike QK, there are several basic PK cycles. When PK runs, it can be obtaining 
an instruction or deferred-address word from memory or it can be computing the 
final deferred-address. Except in the latter case, some sort of memory cycle is 
always performed during the running of the PK cycle. During all of these basic 
PK cycles, certain pulses, such as the IOI clock pulses, X read pulses, etc., 
are always fired off. 


When a new instruction is to be performed, PK first reads an instruction word 
out of memory. If this instruction does not call for a deferred-address, then 
PK immediately goes on to do whatever may be called for by the instruction. On 
the other hand, if a deferred address is called for, PK goes through another 
cycle, during which it reads out the deferred-address word from memory. If this 
deferred-address word calls for still another deferred-address word, the cycle 

is repeated. Finally a deferred-address word is obtained which does not call 
for another deferred-address word. PK now performs the so called ultimate 
deferred cycle, during which the final base address is computed. No memory cycle 
is involved in this step. The final base address is usually modified by two 


index registers rather than one. 


The organization of the PK Memory timing chart reflects basic PK cycles. This 
is shown by the small chart abstract on the main chart. Three columns are 
usually examined in order to determine which events are initiated by a given PK 
time level. The miscellaneous control column is always examined. A decision 
must then be made whether or not deferred addressing is involved, and if 
deferred addressing is involved, which of the deferred addressing cycles is 
involved. After the basic PK cycle has been selected, the appropriate memory 
column is selected, i.e., S, T, U, V_., or Vie The events occurring in any 


FF 
PK time level are then the sum of the events occurring in the selected columns. 


PK TIME CHART 

Initially PK waits in state pK? until a aR, level occurs. It then goes 
through pe? and in so doing executes the basic PKM memory cycle. If the 
instruction word, obtained by the memory cycle, calls for a deferred-address, 
PK goes to pK? and waits for a pr START, level to occur. (This wait condition 


also applies to the start of the ultimate deferred cycle.) 
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If the instruction does not call for a deferred-address, PK will proceed from 
pK? to a and then either go back to pre or go on to execute a PKEI cycle 
depending on the instruction. If a PKEI cycle is executed, PK will proceed 
through peel and then go back to prot . The various PKEI cycles are discussed 
under the corresponding instruction headings later. 


The specific events taking place while the PK counter is running will now be 
examined and explained. (The DSK logic will not be discussed since this is 
covered in detail in the discussion of the CSK timing chart.) 


16-4.2.3 MISCELLANEOUS CONTROLS 
The events discussed here take place in all the basic PK cycles. 
The memory on-off switches are sampled in pK if QK is also in the @r state. 


a 
The IOI clock pulses to the IO units are generated in peo and ae These 
pulses are inhibited if the QK cycle of a TSD overlaps the current PK cycle. 
(See TSD discussion. ) 


The remainder of the miscellaneous control pulses involve the X Memory system. 
ple sets the X busy (XB) interlock and initiates the X read cycle. Normally 
pK 3a strobes the contents of XM into X. Under certain conditions, X will be 
cleared instead of the strobe occurring. For example, this happens if the 00 
X Memory register is selected (since this register is thought of as containing 
ZEROS). X is also cleared by pxt3% under the following circumstances. If a 
change of sequence occurs, XPS is set and a program counter is read out of X- 
After the read out occurs, x, contains nothing of meaning. If an instruction 
now occurs in which the N, bits select the X, register (Ko ty px!3® 4411 clear 
X. The kK? f condition will also cause XPS to be cleared in pxl>™, Note that 
the XWK cycle initiated in pia or later during the instruction will write 
something into the xX, register. Because of this the next time a Ket a type 
instruction occurs, xp? will be true, X will not be cleared in pxi3 and XM 
will be strobed into X. 


[e4 
pK? also generates the X parity alarm, if an X parity condition exists (xP): 


16-4.2.4 INSTRUCTION WORD CYCLE (NO DEFERRED ADDRESSING) 


As soon as the re aaa level is generated, PKA is set and DFA is cleared. 


(pKat ig pra° indicate to the address decoding system that PK is executing an 


instruction word in which the content of P selects a memory register. ) 


py causes a PSAL alarm, if an illegal memory is addressed by P. 
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The hold and OP instruction word bits in N are jammed into PKIR at pK? - Note 
that pK ae is the latest time at which the memory register in which the instruc- 
tion is held is strobed into N. 


FI is cleared by pxt3% for certain instructions whose execution logic makes use 
of the F Memory during the PK cycle. (See discussion of JOV, JNA, JPA, FLF and 
FLG. ) FLAG, is raised in pK" as part of the meta bit sensing logic of the 
Trapping Sequence (see Chapter 15). 


For the majority of instructions, the X write counter (XWK) is started in pyle, 
However for the prrr™ instructions, XWK is started in pyst or during a DSK 
cycle in Pe 30, The PKIR UN? level will be jammed into XAS at pk se in order to 
determine whether or not the base address of the instruction is to be indexed. 


The execution logic of JPX (06) requires that X be complemented at pK, 
(See JPX discussion. ) px also causes an OCSAL alarm if PK is trying to 


execute an instruction with an undefined operation code. 


In Pe a a number of decisions are made to determine what activity will follow 
the current PK cycle. If the conditions for waiting are not present (PI ) 
PK jumps from pee to Saen If, in addition, an operand is called for by the 


current instruction, PI, is set. 


If the conditions for waiting are present (prAIT) in pee, either the 
conditions for leaving the current sequence are also present (er AVE oR) an 
which case PK reverts to pe? and a CSK cycle occurs, or the conditions for 
leaving the sequence are not present (prLBAVE SEQ) y» in which case a DSK cycle 
is initiated and PK goes to the pr 3% waiting state. (The FLAG dismissing 


conditions in pee are discussed in conjunction with the TSD timing chart.) 


a 
Pe 3 clears PKA (indicating thet the memory cycle is over). PK waits in pK3 
examining the DSK logic for a decision as to how to proceed. 


Pe ue Jams the hold bit into PI,. If the current instruction does not go 

a Dis 
through a (PKIR-~), then PK reverts to peoom, If the current instruction 
is not an IOS, the conditions for a change of sequence (pro# SEQ) are examined 


at the end of the instruction. If these change sequence conditions are present, 
START DIS 


PI, is set as part of the CSI logic. The PKIR type instructions 
examine the change sequence conditions again in peor at which time IOS is 
included. 
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INSTRUCTION WORD CYCLE (DEFERRED ADDRESS). This PK cycle is identical to the 
previous case, except that the instruction word read out of memory calls for a 
deferred-address word. Hence it is always followed by an intermediate deferred- 
address cycle. Once the basic memory cycle (PKM) is complete (PK? ~ PK") » PK 
goes back to PK, The memory cycle is essentially the same as the memory cycle 
for the no-deferred-addressing instruction word cycle. The differences show up 
in the setting and use of PI, and PI + 


The latest time at which the instruction is strobed into N is pe? The defer 
bit (Ng) is examined in px3%, if a deferred-address is called for (N59)? 
PI, is set to ONE. Assuming the instruction is defined (PKIR ), PI, is in 
turn set to ONE in py, The conditions (FI e PIs) that require an inter- 
mediate deferred-address cycle to follow the current PK cycle have now been set 
up. 


Jamming Pr, into XAS in prio prevents the base address from being indexed. 
For this reason the X read-write cycle, while it does occur, doesn't accomplish 
anything. 


At the end of this cycle, as in the previous case, the configuration, hold, and 
OP code bits of the instruction word are contained in the PKIRGp and PKIRGp 
registers. The PKIR registers store these bits all through the succeeding 
intermediate and ultimate deferred cycles (after which they are decoded and 
used in the normal manner). The output of XA now specifies the address of the 
first intermediate deferred-address. 

INTERMEDIATE DEFERRED-ADDRESS CYCLE. PK waits in pK? until the prSTART, 
conditions are satisfied. When this occurs, the output of the X Adder is 
jammed into Q. DFA and PKA are also set in pyro when the et, conditions 
are satisfied. pKat . prat now indicates that Q contains the address of an 


intermediate address and that Q can select a memory register. 


If the deferred-address strobed into N has a defer bit in the ONE state (Ny 
the current intermediate deferred-address cycle will be followed by another 
intermediate deferred-address cycle. During the first intermediate deferred 
cycle XAS will be in the ZERO state from PK” through PK’, QTR p will be 


cleared at PK! ana the N, bits will be jammed into QXIR,, at PO, xas 
9-4 
is set to ONE by jamming PI, into XAS in py, In all the succeeding inter- 


mediate deferred-address cycle the content of QKTR Gp will not be altered. The 
fact that XAS is now set to ONE causes the deferred base address, represented 
by the base address bits (N54) » to be indexed in all the intermediate deferred- 
address cycles. 


.g)? 
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Finally a deferred-address is strobed into N in which the defer bit is a ZERO 
(nt 9) This causes PI, to be cleared to ZERO at pea and the next PK cycle 
to be an ultimate deferred-address cycle. 


(e1 
Note that in each intermediate address cycle FLAG) ., can be raised on the px3 
as part of the sense metabit logic of the Trapping Sequence. 


ULTIMATE DEFERRED-ADDRESS CYCLE. PKA is cleared in the peor state of the 
ultimate deferred cycle indicating a memory element register will not be strobed 
into N during this cycle. 
PK waits in pr? for the prant, condition to occur. This condition allows 
the console stop-start control to control the start of this cycle. When 
proTART, occurs DFA is set to ONE and the output of XA is jammed into Q, but 
these events do not influence the operation of the computer. 
The ultimate deferred-address is now formed in Ny 1 by the following steps. 

? 
The contents of E is temporarily stored in M and E is cleared. The content of 


WR Cr (the original J bits) is then placed in 3.6 - 3.1 and at the same 
time the output of the XA is placed in Boo 

My, ,2,1 is cleared and the content of E is loaded into N. Ny now contains the 
original J bits, No contains the deferred-address formed in XA during the 
previous intermediate deferred cycle, and the remainder of N contains ZEROS. 
The original H, CF, and OP bits, however, are still in PKIR,.. and PKIR... Note 


30 CF OP 
that N and PKIR.,, and PKIR,., are all set up by px - The balance of the PK 


CF ‘OP 
cycle is similar to the corresponding cycle for an instruction word in which 
there is no deferred addressing. pxt3 clears PL, thereby removing the last 


indication of the deferred addressing cycles. 
16-4.2.5 MEMORY CYCLES 


S MEMORY CYCLE (PENS ). Two tapped delay lines are used to set the two read 
flip-flops SRy and SR, The read current in the memory occurs when both flip- 
flops have been set. The oat SET delay line is pulsed at pyoeB and the SR, SET 
delay line is pulsed at PK” 3 * 


The write current is turned on by pulsing the SR, and SR, CLEAR delay lines. 

The SRy CLEAR delay line is pulsed at pel and the SR, CLEAR delay line is 

pulsed at pKP , The write current is not actually turned on until both the 

SRy and SR, flip-flops have been cleared. The inhibit currents are turned on 

by pulsing the SINH SET delay line. This occurs 0.2 microsecond before SR, is 
x3 er 

cleared. The write cycle extends from P through P. ‘ 
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The memory word is strobed into N by pulses from the strobe delay lines. This 
line is pulsed at PK be. If the memory word is read out incorrectly (np& 38) » the 
parity circuits will cause an NPAL alarm in px 3%, 


The reasons for clearing N, 2.1 in PK" oe involve the execution logic for specific 
deat A 

instructions rather than the requirements of the basic memory cycle and are 

discussed elsewhere in the chapter. 


AND U MEMORY CYCLES (PKM AND PKMY). ‘he T and U memory cycles are identical 
and are in fact very similar to the S Memory cycle. However, here the read 
and write currents are determined by the read and write flip-flops directly. 


The T (U) read delay line is pulsed at pel, Pulses fromthis line both set 
and clear the TR (UR) read flip-flops. PK then jumps to pe? a. The memory 
register is strobed into N at pF | The delay line is tapped so as to set 

the TINH (UINH) flip-flop before the TW (or UW) flip-flop. At the end of the 
write time, TW (UW) and then TINH (UINH) are cleared. The other PK Memory logic 
is identical to that found above under the S Memory cycle description. 


Ver MEMORY CYCLE (PIM): This memory cycle has several peculiarities. In 


the case of the S, T and U memory cycles, the word selected in memory was 
strobed directly into N. In the present case, N is always loaded from E. This 
is done by temporarily storing the content of E in M, and at the same time 
clearing E. The selected Vep register is then loaded into E. The content of 
E is then loaded into N and then E is restored by transferring the content of 
M into E. 


Certain conditions can cause PK to wait in PK. if B is busy (zB), if M is busy 
(gp? ) or if the Vpp Memory register is in the Arithmetic Element and the 
Arithmetic abi is currently busy (gp? + AEB), PK must wait in peor, 

(The DSK logic which can occur in pK? will be discussed in conjunction with 

the CSK timing chart.) 


Note that the content of N does not need to be rewritten in the selected Veep 


register. 


Vipp MEMORY CYCLE (PKM FF). In this case, the selected V>5 register is loaded 


directly into N without going through E and there is no rewrite cycle. For 


these reasons, the PRM FF logic is very simple and consists only of the strobe 
pulse at pei | 


16-4-7 March 1961 


16-4.3.1 


16-4.3.2 


16-4.3 QK CYCLES 


INTRODUCTION 


The QK counter runs only during those instructions that have an operand cycle. 
The counter's basic function is to control the operand word's memory read-write 
cycle. The QK cycle is always preceded by the associated PK cycle. Once the 
QK counter starts it always completes the entire operand cycle before another 
QK cycle can begin. If the operand is stored in the Ver Memory it is possible 
that QK may have to wait in a? 30 until the interlock conditions for proceeding 


have been satisfied. 


The QK timing chart requires that the contentsof three columns be examined to 
determine what events are initiated in any given QK time level. The Interlock 
columns, the Alarm and Miscellaneous Controls columnsand one of the five Memory 


Cycle columns must be selected and examined. 


BASIC QK CYCLE 


QK waits in aK until the er = level occurs. At this time QK begins 


counting and the following events take place: 
1) The content of PKIR», is copied into QKIR,.- 
2) If PK is in pK, the memory on-off switches are sampled. 


3) ‘he address of the operand used by the current instruction is copied 
from XA into Q. 


4) Several interlock conditions are set up which indicate such things 
as QK has started and is running (qs), Q can select a memory register 
(QKA1) and E is busy (EB‘). 
The time level in the QK cycle at which PIL is cleared (Prd indicates another 
PK or CSK cycle can begin) depends on the specific OP code being executed. 
Similarly the XWK and FK counters are started at the time in the QK cycle 
required by the execution logic of the particular OP code. 


QB is cleared in qt, anticipating by 0.4 microsecond the completion of the 
QK Memory cycle and the completion of the use of the Q and M registers. 
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When an illegal memory address is decoded (e.g., an address in a memory which 
is turned off), a QSAL alarm will occur at Q©™, 


If the meta bit is a ONE and if the toggle switch indicating that the operator 
is trapping on operand word metabits is set (mut) » then the synchronizer in the 
Trapping Sequence will be set to a ONE ee) at Qs, 


Parity logic prevents M from being altered unless the MPA level is present. One 
of the conditions that causes the MPA to be generated is mest. Since it is 
desirable to alter M during the read portion of the QK Memory cycle, independent 
of the parity logic, MPS is always set to ONE at red 1G ond cleared at gx mt (if 
MPAL is not suppressed). After the memory is strobed into M (normally a IP) | 
the MPA level will depend on factors other than vest, e.g-, parity conditions. 


Parity is not checked in the V memories. The time at which parity is checked 

in the S, T and U memories depends on the specific OP code. Those OP codes which 
skip over xe will set up the parity circuits during ax? 3a and check for a 
parity alarm in otha, Most other OP codes set up the parity circuits in x2 
and check for a parity alarm in ax 30 but some do not check the parity until 
axe aol Note that the QxtRUOAD instructions rewrite while checking parity, 

while the gar STORE instructions must compute parity after checking parity 
before rewriting. INS is a special case and will be discussed in the INS OP 
Code Timing Chart. 


16-4.3.3 MEMORY CYCLES 


Tapped delay lines are used to set the two read flip-flops SR, and SRy- The 
read current in the memory occurs when both flip-flops have been turned on. 
The SR, delay line is pulsed at QF and the SR, delay line at QF. 


M is cleared in x in anticipation of the S Memory strobe into 
M(sM —>~w» mM) at Qx2F, 


The write current is turned on by pulsing the SR, and SR, CLEAR delay lines. 
a 
SR, is cleared at qc 3 SR, is cleared at QK13B for QKTRUAAP instructions 
1 
and at aK B for @xrRo PORE instructions. The write current is not actually 


turned on until both the SRy and SR, flip-flops have been cleared. 


The inhibit currents are turned on by pulsing the SINH SET delay line. This 
occurs 0.2 microsecond before SR; is cleared. 
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The write cycle (axe a Se SE. through gc?) begins earlier for QxtRUOAD 


STORE 1 
instructions than for QKIR instructions, so QK jumps from ae 3 to aK 
for the QKtRUOAD instructions and from ae > to axe? for the QKTRo ORE 
instructions. 


The same operand that is written back into memory during the WRITE portion of 
the memory cycle is usually copied into E by an "ultimate pulse" (M Oh es E). 


This occurs at ae ac for all the gxrR ot ORE instructions that do not select E 


(QxIR), ana at x3" for 011 the QxtRE°AP snstructions (except SPG) that do 
not select E. Note that EB is cleared ( Ce EB) at the same time the ultimate 
pulse is fired off. 


QK can jump states in ax 3 through a : depending on the requirements of the 
OP code. These jumps are independent of memory considerations. 


T AND U MEMORY CYCLES (ax AND ax”), The T and U Memory cycles are identical 
and are in fact very similar to the S Memory cycle. 


However, here the read and write currents are determined by the read and write 
flip-flops directly. 


The T (U) read delay line is pulsed at Qe, QK then jumps to QI, The 
memory is strobed into M at gx F, During this read time the TR (UR) read 
flip-flop is turned on and then off. 

In the case of the QKTREOAD instructions, the "inhibit and write” delay line is 
pulsed at QC3”. In the case of the QKIR°! = instructions the delay line is 
pulsed at a ae, The delay line is tapped so as to set the TINH (UINH) flip- 
flop before the TW (UW) flip-flop. At the end of the write time, TW (UW) and 
then TINH (UINH) are cleared. The other QK logic is identical to that found 
above under the S Memory cycle description. 


Vier MEMORY CYCLE (qx FF). This memory cycle has several peculiarities. In 


the case of the S, T and U Memory cycles, the word selected in memory was 
strobed into M essentially at Qx'?. Note that up to this time E is undisturbed. 
In the present case it is also desirable to have the word selected in the Vor 
Memory in M by qxtt - However, the route from Ver to M is through E, and the 
original content of E must be momentarily displaced and then replaced in E by 


qx, This is accomplished as follows: 


At gre the content of E is copied into M, and E is cleared. 
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At this point the execution logic depends on which of two cases exist. In 
Case 1, the selected Ver register is not E (ve) ; in Case 2, the selected Ver 
register is E. 


Consider Case 1. When the waiting state logic in a? 30 pemits, the content of 
the selected V,, Memory (A,B,C or D) is copied into E. QK now jumps to Qe 
where M and E are interchanged. M now contains the content of the selected Ver 
register and E contains its own original content. 


In Case 2, E is cleared and M contains the original content of E (i.e., the 
content of the selected Vor register) at the end of a? aa Nothing happens in 
g3% and QK jumps from Qx3a to Qe ™, M is now copied into E. Both M and E 
now contain the same thing, i.e., the content of the selected View register. 


M is not cleared in a? a As a result any operation on the metabit uses the 
metabit left there by the previous QK Memory cycle. 


Note that no read or write cycles in the sense of the S, T and U Memory are 
involved in the V memories. Everything is accomplished by simple register 
transfers. For this reason no parity checking or parity computing is involved. 
QK therefore jumps from qt to axt3, 


The write cycle, which occurs during axrroPORE type instructions, is complicated 
by the question of whether or not a STE instruction is being performed. As 
before, there are two cases. In Case 1, the selected register is not E (wn); 
in Case 2, the selected Ver register is E. 


In Case 1, the content of M is copied into E from M and, if this is a STE, E 
is saved in M at QX~%. the selected Vpp register (A,B,C or D) is cleared at 
a a and E copied into the register at ar 3 » In all instructions except SPG 
the ultimate pulse copies M into E at a3, At this time, if this is a STE, E 
is also reset from M. 


In Case 2, nothing occurs at ae 2 unless a STE is being performed. The content 
of M and E are interchanged if this is a STE. Nothing happens in a=, but in 
a3 the content of M is copied back into E again only if this is a STE in- 
struction which selects E. 


Vip MEMORY CYCLE (Qk FF). In this memory cycle, M is cleared in ar? oP na 


usual and the V toggle switch memory register is copied into M in ax? ane 
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Since no write cycle is involved and there are no parity checking requirements, 


Q@K jumps from Qk! to ax'3 ana from a? to a+. 


The ultimate pulse logic is the same as that for the S, T and U memories. 
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INDEPENDENT OF QK MEMORY 
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QKIR., CLASS DECODER LEVELS 


axir*® =  QKIRGS + QKIR2, + (QKIRop, + QKIRop) - QKIRIS 
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16-5 PK-QK INSTRUCTION CYCLES 
16-5.1 INTRODUCTION 


The timing charts in this section tabulate the sequence of logic used in the execution 
of specific instructions. These timing charts fall into three basic classes: 


Class A. Instructions which do not use an operand. The instruction timing charts 
cover the PKEI (PK extended instruction) cycle (px? through pK), 


Class B. Instructions which use an operand and have an extended PK cycle, i.e., a 
PKEI cycle. The instruction timing charts cover the PKEI cycle (PK 3 
through pKe+) and the operand instruction cycle (Xe e through gx??), 


Class C. Instructions which use an operand and have a simple PK cycle. The 
instruction timing charts cover the operand instruction cycle (Qe? e 
through QK°+), 


While there are some 35 OP codes discussed in this section, there are certain sequences 
of pulses which appear in more than one OP code. For example, in all load type instruc- 
tions there is a sequence of pulses that initiates the configuration-sign extension 
pattern. Isolated pulses also occur which serve a common purpose in the instruction in 
which they are fired off. For example, in Class B and C instructions an "ultimate pulse" 
is fired off in ae 30" This pulse copies the operand written into the Memory Element 
register also into the E register. 


The basic pattern of configuration pulses is very similar for all the configurable 
instructions, whether of a load or store type. An inverse permutation pulse is fired 

off in pele If a LOAD type instruction is involved, the content of M is transferred 
into E under permuted activity control in pxt3, If a STORE type instruction is involved, 
the content of E is transferred into M under permuted activity control in pats, A 
direct permutation pulse is then fired off in px 3P 


The brief discussion accompanying each timing chart in this section consists of three 
parts: 


OP CODE DESCRIPTION - a simple non-rigorous description of the OP code is given. 
SPECIAL FEATURES - a list of the special features or unusual characteristics 
of the instruction is given, e.g-, special logical transfers, 
special sampling nets, special counter activity, etc. 
DETAILS - a discussion of the significance of the timing chart pulses 


is given. 
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The types of figures used to illustrate the timing charts or supplement the discussion 
vary in format somewhat depending on the OP code. Most figures contain two types of 
information. A picture is given illustrating the register transfers that occur during 
the instruction execution. The circled numbers on these illustrations indicate the 
relative order in which the transfers occur, e.g., 3 occurs after 2 and before 4. The 
heavy arrows indicate the transfers of major significance in the logic. The lighter 
arrows indicate transfers that may restore registers or provide some secondary function. 
The tables accompanying the figures, give the content of the registers as a result of 
the pulses fired off by the indicated time level. Lower case letters have been used to 
indicate the content of the registers before the instruction execution phase begins. 
For example, b represents the original content of register B, m the original content of 
register M, y the content of the selected Memory Element register, etc. The following 
symbology has also been used: 


BS - the register contains the inverse permutation of the original content of B. 
Va - the original operand has been transferred into the register under permuted 
P activity control. 
Yor - the register contains the configured operand. 
Yor - the register contains the configured operand with its sign extended. 
SE 
b Yor 7 the inactive quarters of the register contain the original contents of 


the corresponding quarters of B; the active quarters contain the 
configured operand. 


In some cases the specific contents of each quarter of the register have been spelled 
out to indicate more clearly what is taking place. For example, 


. 


etc. 

The OP codes fall in several broad categories. Within a category the OP codes have 
certain common features or functional similarities. There also exists within the broad 
categories subcategories where the similarity of OP codes becomes even more striking. 


The broad categories are: 


OPR (IOS and AE) - in these instructions the address bits have a special function. 


16-5-2 March 1961 


March 1961 


X Memory Instructions (JPX and JNX; AUX; RSX; ADX; DPX; and EXX) - in these 
instructions either a logical decision to skip or jump is made, based on the contents 
of one of the X Memory registers, or a load or store operation (simple or complex) 


occurs that involves the X Memory. 


F Memory Instructions (FLF, FLG, SPF and SPG) - these are load and store instruc- 
tions involving the F Memory. 


Load and Store Type Instructions Involving the Arithmetic Element Registers - 
several sub-groupings of these instructions can be made depending on what features 
are being examined, e.g., 


1) LDA, LDB, LDC, LDD 

2) LDA, ITA, UNA, EXA 

3) STA, STB, STC, STD 

4) STA, INS 

5) LDA, STA, EXA, LDB, STB, LDC, STC, LDD, STD, etc. 


In some of these instructions, the load or store logic is both complex and obscure, 
e.g-, INS. 


Load and Store Type Instructions Involving the E Register (LDE, ITE, STE) 


Jump on Arithmetic Element Type Instructions (JOV, JPA, JNA) - these are logical 
instructions which sample registers or flip-flops and make jump decisions based on 
their contents. 


COM, TSD and SKM are somewhat unique instructions, although the pattern of their 
execution logic is found in other instructions. TSD is similar to the LD- and ST- 
instructions depending on whether an input or output unit is involved. COM has 
some of the characteristics of both the LDE and STE instructions. 


Undefined Operation Codes The operation code values 00, 01, 02, 03, Ob: 1.6 13; 
23, 33, 45, 50, 51, 52, 53, 63, 73 are undefined. All of these operation codes will 
cause OCSAL to be set at py of this instruction word cycle (the initial PK cycle 
if no deferred address is requested or the ultimate PK cycle if a deferred address 
is requested). PK will then return to PEO from pe ha and wait for the alarm 
condition to be removed if this condition stopped the computer. Note that when 

K°? “ that the undefined operation codes have no effect on the computer other than 
to advance the content of P by one (if i then XPS is cleared). 
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OPR (O4) 


OP CODE DESCRIPTION. The function of this OP code is determined by the base address 
portion of the instruction word, i-e., Ny 8-11 The basic differentiation in function 


is determined by Nog - 2.7" Thus, 


N58 - 2.7 INSTRUCTION 


IO OPERATION (IOS) 
AE OPERATION (AOP) 
UNDEFINED 
UNDEFINED 


If either of the two undefined instructions are executed an OCSAL alarm will be generated 
oj 
at pK ? . 


These instructions have an extended PK cycle (instruction execution phase), and no QK 


cycle, i.e., no operand is obtained from memory. 


The IOS instruction is discussed in detail in Chapter 15 on the In-Out Element, while 
AOP instruction is discussed at length in Chapter 14 on the Arithmetic Element. Brief 
discussions of the execution logic of each instruction is included in the descriptions 
of the I0S and AOP timing chart. 


March 1961 


o4 


OPERATE (IN-OUT SELECTION: N° 


OP CODE DESCRIPTION. 0S is used to control and/or report on the state of the In-Out 
system, as well as to raise and lower flags in the Sequence Selector. It is one of the 
variations of the OPR instruction. It is also a non-configurable and non-indexable type 


instruction. 


SPECIAL FEATURES. IOS has an extended PK cycle (PK’ through PK?!) and no QK cycle. 

The base address bits N56 ~ 1.1 37 used to determine the type of I0S executed. The 
significance of the instruction word bits is shown in the accompanying table. Note that 
only CF. oi OF, of the configuration bits are used, and that 5 ~ 2.7 distinguish this 
as an OPR instruction. 
DETAILS. Since an IOS 3X,XXX or 6X,XXX is used to change the operating mode of an I0 
unit, an IOSAL will occur if the selected unit is in the MAINTenance mode at pe, 


In a "report" type 10S (cFy) » E is cleared preliminary to the transfer of information 
into E. This clearing occurs in PK? when E is not busy (B°). 


ro 
PK is a waiting state and depends on the following conditional logic: 


px (gp + gp) > PK] + 1 —/-—» PK 


E must be free, since an 10S "report" into E will occur in poo if CF}. It is also 
important that the current IOS not upset the mode of the IO unit of the current sequence, 
since a data transfer during the QK cycle of a TSD can still be taking place. Also, if 
the IOS refers to the Trapping Sequence, it must not change the set meta bit mode during 
a QK cycle. For these reasons I0S is held up in peo until the previous QK cycle is 
completed (ap°) or in the case of SPG, until the FK cycle is completed. (FK clears EB 


in this case, instead of QB.) 


The information placed in bits 3.6 - 3.1 of E is simply the number of the specified IO 
unit. The information placed in the remaining bits of E report on the situation at the 
IO unit and in the Sequence Selector before this situation is changed by the IOS. 


The new modes specified by the IOS type are established by pulses generated at pe al 
Note that changes in the operating mode of an IO unit are prevented if the specified I0 


unit is in the MAINTenance state. 


A complete discussion of the effect of 20000, 3XXXX and 6XXXX is given in Chapter 15 
under each IO unit. 
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If OF, the Pxtp!> REQ 5 vel will be generated and, 4f the bold bit is a zero, » disnias 
will occur. The flag will be lowered in Pe ae and either PI, or CSK,, will be set in 

pe. However, the IOS will not dismiss if it also raises the flag of the current sequence 
(Keo a ln é g 2.4)" In this case the flag lowering in Pe? is offset by the flag raising 
in aa 86: that in fact the flag is left raised at the end of the instruction. PK goes 
through four states (1.6 microseconds) after pe? before sampling the interlock nets in 


order to allow them to set up properly after the mode pulses. 
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OPERATE CIN-OUT SELECTION: Neg - NS7) opRt?s 
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77 ARE ACCEPTABLE. 
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OPERATE (ARITHMETIC ELEMENT: N , + Ny Al 

OP CODE DESCRIPTION. AOP allows the programmer to operate on existing data in the 
Arithmetic Element with any one of a number of defined AK type instructions without 
obtaining an operand from memory. It is one of the variations of the OPR instruction. 
AOP is a non-configurable and non-indexable type instruction. 


SPECIAL FEATURES. AOP has an extended PK cycle (PK? through PK!) and no QK cycle. 

The base address bits Ny 6 -1.1 27e used to determine the specific AK type instruction 

executed. The significance of the instruction word bits is shown in the accompanying 

table. Note that the N, 5 _ |, ), bits are not used, and that ID's 5 7 distinguish this 
AE 8-4. : < 

as an OPR' instruction. 


DETAILS. PK a is a waiting state conditioned by the following logic: 


qs’ + AEB > Px] + 1—/+—» PK 


gst and AEB simply insure that the QK and AK cycles of any previous instructions are 
5a 

finished. The Np 6 Tih bits are also jammed into AKIRop and AKTRop in PK . 

eo 

P initiates the AK counter which executes the instruction logic specified by the 

contents of AKIRop and AKTR op: 

If an undefined Arithmetic Element operation code is specified in AKIRop by AOP, an OCSAL 

alarm will occur during the AK cycle. 


Note that the configuration used in the Arithmetic Element during an AOP is specified 
directly by the M9 e 
meaning only in the Exchange Element. Also, since the configuration is not transmitted 
through QKIR op to AKTR ap? no activity or sign extension will occur in partially active 
subwords. Hence operations specified by AOP with such configurations will yield 


different results than when specified in the usual manner. 


1.4 bits. No permutation is specified, since permutation has 
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JUMP 


OP CODE DESCRIPTION. JMP performs an "unconditional jump" to the memory address 
specified by the output of the X Adder. After P is indexed in the normal manner, the 
content of P is replaced by the content of the X Adder. Before this occurs, the content 
of P and Q may be placed in the E register. JMP is a non-indexable and non-configurable 


instruction. 


SPECIAL FEATURES. JMP has an extended PK cycle (pK? through pK>+) and no QK cycle. All 
of the configuration bits are used for special purposes: e.g., the parr tS = (dismiss 
request instruction), per’? (indexing instruction) and pKIR™ (X Memory instruction) 
class decoder levels are dependent on PKI Rap: 


DETAILS. After the content of the X Memory (x 5) is strobed into X in PK 3% (as it is in 
all other instructions), the following actions, conditional on the PKIRGp bits, take 
place: 


Fy The output of the X Adder equals the arithmetic expression (y + cf, “%.), 


J 
i.e., the content of Ny is indexed by x j only if oF}. 
? 


ag 
The time that the X Memory write cycle occurs, which determines the final 
content of X, is conditional on cF,- or? starts the XWK counter in peo, 
This results in the original x j being rewritten in X 5° When OF, the content 
of P is transferred into X and the XWK counter is started at PK31%. This 


results in the original content of P (after being indexed by one) being 


written in X 5" 
OF; - The content of P (after being indexed by one) is placed in Bi 
cry; The content of Q is placed in E, 3° (Q contains the address of the operand 
or the last deferred address used in the instruction preceding the JMP.) 
OF; The pxrR 2S = level is generated. The flag of the current sequence is 


lowered at pe 3 and either PI, or CSK,, is set in pret if PKIRQ.- Note that 
PI, can also, be set redundantly, in Pe ¥ 
Note that the content of P is not changed if there is an unsuppressed alarm (AL) and the 
Auto Start After Alarm switch is not turned on. Also, the content of X, is not changed 


J 
if there is an X parity alarm (xpat) and the alarm is not suppressed. 
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JUMP ON POSITIVE INDEX 


OP CODE DESCRIPTION. JPX performs a jump to the memory address specified by the base 
address, if the content of the index (X;) register is positive and non-zero. The signed 
four bit number represented by the CF bits is then added to the index register and the 
result stored in X ft JPX is a non-configurable and non-indexable instruction. 

SPECIAL FEATURES. JPX has an extended PK cycle (pe? through pK?) and no Q@K cycle. The 
content of X is sampled by the XJ net. The XJ level is generated only if the signed 
content of x, is positive and non-zero. The sign bit (cF,) of the CF bits is extended 
so that an 18 bit number is formed from the 5 bit content of PKIR Gp 

DETAILS. The content of X is complemented at PK’*” and then sampled by the XJ net in 
pe, If an XJ level is generated, the content of N. is transferred into P via the 


2,1 
X Adder. X is again complemented, restoring the original content of the index register. 


The content of PKIRGE is then transferred into N, 1 N, 1 is filled up by extending the 
, ? 


sign of the CF bits. The X Adder forms the sum of CP on and the index. This sum is then 


transferred to X and written in the selected X Memory register. 
DIS REQ 
The PKIR level is generated if the XJ level is generated. XJ has meaning only 
until re. Hence the change sequence conditions are examined at pe, the wait 


2 
conditions at PK? and the flag of the current sequence lowered at PK ? before PK 


leaves PK 3 e 


As in JMP, the content of P and the content of X j are not changed if the parity alarms 


occur. 
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This instruction jumps if the index 15 positive @ hon zero. 
It then adds the signed 4 bit number represented by the PKIRct bits to the 


index register. 


CAN 7-H-61 


JUMP ON NEGATIVE INDEX 


OP CODE DESCRIPTION. JNX performs a jump to the memory address specified by the base 
address, if the content of the index (x;) register is negative and non-zero. The signed 
four bit number represented by the CF bits is then added to the index register and the 
result stored in ay JNX is a non-configurable and non-indexable instruction. 

DETAILS. (The execution logic for JNX is identical to that for JPX, except that the 
complement X pulses generated at pt? and pe in JPX do not occur in JNX. In JNX, the 


XJ level occurs if the content of X, is negative and non-zero. See JPX description.) 


J 
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This instruction jumps if the index 15 negative 4 hon zero. 
It then adds the signed 4 bit number represented by the PKIR<f bits to the 
index register, 
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AUGMENT INDEX (FROM MEMORY) 


OP CODE DESCRIPTION., AUX "aygments" the content of the specified index register (X,) with 
part of the content of the selected Memory Element register. The sum is stored in the 
specified index register. AUX is a configurable, but non-indexable instruction. 


SPECIAL FEATURES. The addition that occurs in the X Adder treats the contentsof N, 1 
? 
and X as two 18 bit signed numbers. 


DETATLS. The E register is cleared. After the normal configuration and sign extension 

process that takes place in a load type instruction has occurred, the content of E, 1 is 
’ 

algebraically added to the content of X. The result of this addition is then placed in 


X and the content of X written in the X Memory. 


Note that content of m, is not changed if an unsuppressed X parity alarm occurred. 
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CAN 7-11-01 


RESET INDEX (FROM MEMORY) 


OP CODE DESCRIPTION. RSX "resets" the content of the specified index register (x,) with 
part of the content of the selected Memory Element register. RSX is a configurable, but 


non-indexable instruction. 


SPECIAL FEATURES. The content of the X register is treated as an 18 bit signed word. 
By extending the sign bit of this word to the left, a 36 bit word is formed. This 36 
bit word then enters into the configuration process just as the 36 bit content of A 
would enter into the configuration process in a LDA. 


DETAILS. After E is cleared, quarter 3 and } of E are complemented based on the sign of 
the word in X. The content of X is then jammed into E, L Note that the effect is as if 


2 
X contained a 3rd and 4th quarter and the sign of X were extended into these quarters. 


After E is loaded with the sign extended content of X, the normal configuration and sign 
extension process that takes place in a load type instruction occurs. 


The content of E, 1 is then routed through Ny 1 and XA into X. The content of X is then 
’ ? 
written in the X Memory by the XWK counter. 


Note that the content of #6 is not changed if an unsuppressed X parity alarm occurred. 
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CAN FI/-6] 


SKIP ON INDEX 


OP CODE DESCRIPTION. SKX performs a conditional skip based on a comparison of the 
content of the specified index register (X )) and the base address, or it replaces or 
augments the content of the specified index register with the positive or negative value 
of the base address. SKX can also lower the flag of its own sequence and raise the flag 
of any other sequence. SKX is a non-configurable and non-indexable instruction. 


SPECIAL FEATURES. SKX has an extended PK cycle (pe? through pK?+) and no QK cycle. The 


PKIR Gp bits are used for a special purpose. 


DETAILS. The instruction may be differentiated into two distinct types based on PKIR op a 


Tf PIIRO y the instruction is a SKIP type and if PIIR Gp » the instruction is a SKIP type. 
3 3 
There are four versions of each type, based on the state of the PKTRap and PIR Gp bits. 
2 i 


Consider the SKIP example illustrated. The content of the index register is loaded into 
X at pxt3%, The content of X is then replaced by jamming the base address via the X Adder 
into X. The content of X is then written into the X Memory by XWK. 


The variations in the SKIP instructions involve changing the sign of the base address 
(oF) and/or adding the original content of the selected X register (CFS) before storing 
it in the X Memory. 


Similarly, there are four SKIP type instructions. Consider the SKIP example illustrated. 
The content of the index register is loaded into X at px am The base address is then 
indexed and loaded into X where the sum is complemented. Note that the content of X will 
be negative and non-zero only when the negative value of the base address is arithmetically 
less than the value of the content of the index register. 


The content of X is now sampled by the XJ net. If the content of X is in fact negative 
and non-zero, the XJ level is generated and P is indexed. Note that P was previously 
indexed in pe, The balance of the instruction restores the original value of the index 
register in X. The content of X is then written in the X Memory by the XWK counter. 


The variations in the SKIP instructions involve the type of comparison of the base 
address and the index register that is used to make the SKIP decision. The comparisons 
involve the base address or its complement (cF,) and either an in equality or greater- 
than-less than (CF) comparison. 
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SKX 
12 


The logic of all eight variations are listed separately on the timing chart. 


SKX also has flag raising and lowering features. When the pxtRU!S REQ 


(cre) » the flag of the current sequence is lowered. If PIIR Sp » the flag of the sequence 


level is generated 


specified by the J bits is raised. Note that if OF, . CF}, » Kea J, i.e., the current 
sequence is both dismissed and has its flag raised, then the pxrr tS aM level is not 
generated. The flag in this case is lowered in a and then raised in pe, The 
sequence change condition are examined in both pe and pret and hence PI; can be set in 
both these states. The instruction cannot lower flags of other sequences, so that the 


examination in pt cannot erroneously set PI. The wait conditions are examined only in 


pee, 4 
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EXCHANGE INDEX (WITH MEMORY) 


OP CODE DESCRIPTION. EXX “exchanges” the content of the specified index register (X > 
with part of the content of the selected Memory Element register. EXX is a configurable, 
but non-indexable instruction. 


SPECIAL FEATURES. The content of the X register is treated as an 18 bit signed word. 
By extending the sign of this word, a 36 bit word is formed. This 36 bit word then 
enters into the configuration process just as the content of A would enter into the 


configuration process in an EXA. 


DETAILS. E is cleared and quarters 3 and } of E are complemented if the sign of the word 
in X is a ONE. The content of X is then jammed into E, 1° The effect is as if X 

i Seu 
contained a 3rd and 4th quarter and the sign of X were extended into these quarters. 


After E is loaded with the content of X, the content of M and E are exchanged under 
configuration and sign extension control. The content of M is then stored in the 

2,1 is placed via Noa and XA in 
X. The content of X is then written in the X Memory by the XWK counter. 


selected Memory Element register and the’ content of E 
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OP Class Decoder Lines Up: PKIR®, QKIR'4, QKIRS QKIR*™"S QKIR™ cay 


ADD INDEX (TO MEMORY) 


OP CODE DESCRIPTION. ADX adds the content of the specified index register (x5) to part 
of the content of the selected Memory Element register. The sum is stored back in the 
selected Memory Element register. ADX is a configurable, but non-indexable type 


instruction. 


SPECIAL FEATURES. The addition that occurs in the X Adder treats the content of Ny 1 

2 
and X as two, 18 bit signed numbers. Two distinct configuration processes take place 
during the instruction execution logic. 


DETAILS. E is cleared. Then, after the normal configuration and sign extension process 
that takes place in a load type instruction has occurred, the content of E, 1 is trans- 
? 
ferred to Ns 1 and algebraically added to the content of X. The result of this addition 
2 


is transferred back into E, 1 
? 


The normal inverse configuration process that takes place during a store type instruction 
then takes place. Finally the content of M is stored in the selected Memory Element 
register. 
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Op Class Decoder Lines Up: PKIR% PKIR®, QKIRSe 8, 
6-6-6/ 


DEPOSIT INDEX (IN MEMORY) 


OP CODE DESCRIPTION. DPX "deposits" the content of the specified index register (X,) 
into the selected Memory Element register. DPX is a configurable, but non-indexable 


instruction. 


SPECIAL FEATURES. ‘The content of the X register is treated as an 18 bit signed word. 
By extending the sign of this word, a 36 bit word is formed. This 36 bit word then 
enters into the configuration process just as the 36 bit contents of A would enter into 
the configuration process during a STA. 


DETAILS. After E is cleared, Ey 3 is complemented, based on the sign of the number in 
a 
X. The content of X is then jammed into E, 1 Note that the effect is as if X contained 
f hes nas 


a 3rd and 4th quarter and the sign of X were extended into these quarters. 


After E is loaded with the sign extended contents of XA, the normal configuration and 
storing process takes place as in a STE. 
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CAN 6-6-6/ 


SKIP ON MEMORY 


OP CODE DESCRIPTION. SKM allows a programmer to select.and use any bit in a memory word 
as an operand. This bit can be used to make a decision whether or not to SKIP. The bit 
can also be altered. Finally, the whole memory word can be rotated. SKM is a non- 


indexable and non-configurable instruction. 


ej 
SPECIAL FEATURES. SKM has an extended PK cycle (PK? through PK*!). PK waits in PK” 
until QK reaches gt, The J bits (N, 6-3 * and CF bits (MN, 3 5 4.) are used for 
special purposes. The imal oe net samples the state of the selected bit. The operand 


can be rotated by an E —— M pulse. 
DETATLS. 
Operand Bit Selection. The Ny bits are used to select the operand bit. The scheme 


N3 5 N, k - 3.1 to select the bit in the 
quarter. In practice all the bit sampling and altering occurs in E)3 therefore, it 


uses RN, 6 and to determine the quarter and 


is necessary for the operand to be read out, copied into E and the quarter containing 
the selected bit permuted into E) before the sampling occurs. The permutation is 


accomplished by transferring the content of Ny eb, and clearing 


3-5 
2-1 
QKTRop . Foy then specifies a 36 bit fracture with all quarters active, while 


specifies the permutation required to place the selected quarter into E,- The 


CF3_4 
specific bit examined in E) is selected by N34 ae 

In addition to examining the bits in E) certain other specific bits can be examined 
directly, e-g-, M, 10? MP and MP 55° In this case, the operand quarter specified by 
N. has no logical significance. 
3.6 - 3.5 e gn 


Decision Logic. Three independent decisions are made based on the state of the 


QKIR Op bits. 
OF, and CF), - determine the conditions for skipping. 
CF - determines whether or not the operand is to be rotated. 
cF, and CF, - determine whether or not the selected bit is to be altered. 


(See accompanying DECISION LOGIC tables.) 


Note that the execution logic allows M, and MP3 8 to be sampled (i.e., sensed), but 


not altered. All the other selected bits may be sampled and/or altered. 


Note also that the selected bit is first sensed, and then altered. The whole word is not 
rotated until afterwards. 
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CAN 


6-6-6/ 


LOAD E (FROM MEMORY) 


OP CODE DESCRIPTION. LDE "loads" the content of the selected Memory Element register 
into the E register. LDE is a configurable and indexable instruction. 


SPECIAL FEATURES. The "ultimate pulse”, which normally copies the content of the memory 


word into E in gxrrtOA? type instructions, does not occur. 


DETAILS. See the description of the LDA (B, C and D) OP codes for an explanation of the 
basic "loading" process. The execution logic for LDE is similar to that for the other 
LD- OP codes, except that the transfers copying the content of the specified register 
into E and vice versa are omitted since E is the specified register, and the “ultimate 


pulse" does not occur. 
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CAN 6-6-6! 


SPECIFY CONFIGURATION (FROM MEMORY) 


OP CODE DESCRIPTION. SPF "specifies" configuration by loading the content of quarter 1 
of the selected Memory Element register into the specified F Memory register. SPF is an 
indexable, but non-configurable instruction. 


SPECIAL FEATURES. The FK counter controls E register pulses during part of the 


instruction. 
DETAILS. The 36 bit operand word in the selected Memory Element register is placed in 
E. The FK cycle initiated in xt 3a then places the content of quarter 1 of E into the 


F Memory register specified by the PKIRGp bits. 


The effect of the permuting in E that occurs during the FK cycle is nullified by the 
"ultimate pulse" that copies the content of M into E. 
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SPECIFY GROUP (OF FOUR CONFIGURATIONS FROM MEMORY) 


OP CODE DESCRIPTION. SPG "specifies" a group of four configurations by loading the 
content of the selected Memory Element register into four successive F Memory registers. 
SPG is an indexable, but non-configurable instruction. 


SPECIAL FEATURES. PKIRGp specifies the initial address of Bur successive registers in 
the F Memory- PKIRGp is indexed three times. Quarter-wise shifting to the right occurs 
in E during the instruction. FK controls E register pulses during part of the instruction. 


DETAILS. The 36 bit operand word in the selected Memory Element register is placed in E. 
The FK cycle initiated in qx repeats four times the process of storing the content of 
B, into the specified F Memory register. y, (see attached figure) is stored in the F 

Memory register specified by the CF bits originally transferred from N,. 8 - ha to PKIR 


(In the figure, these bits select register 1) in the F Memory. ) 


CF’ 


Before the first FK iteration, PKIR 
second FK iteration, PKIR 
register. 


CF is inhibited from indexing. However, before the 


CF is indexed by one so that it selects the next F Memory 


After the transfer between E, and the F Memory, the content of E is shifted quarter wise 
to the right. Thus, in the second iteration Yo is stored in the F Memory. 


At the end of four iterations, E contains the original operand word so that no "ultimate 


pulse” need occur. 
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CAN 6~6-6/ 


LOAD A, B, C, D (FROM MEMORY) 


OP CODE DESCRIPTION. LD- "loads" the specified Arithmetic Element register with the 
content of the selected Memory Element register. These are configurable and indexable 


instructions. 


SPECIAL COMMENT. The execution logic for these instructions is found, in modified form, 


in all the QxrRLOAD type instructions. 
DETAILS. The basic "loading" process consists of: 

1) “Reading” the content of the selected Memory Element register into M. Slight 
variations will occur in this process depending on which memory register is 
selected. 

2) Loading E with the content of the specified Arithmetic Element register. This 
is necessary in order that the configuration operation which follows will not 
disturb the inactive quarters’ of the specified Arithmetic Element register. 

3) Configuring the operand. This consists of: (1) inversely permuting E, (2) 
transferring the content of M into E under "permuted activity" control, and 
(3) directly permuting the content of E. 

4) Extending the sign of the configured operand. This is accomplished by a clear 
and complement operation under “sign extension" control. 

5) Loading the specified Arithmetic Element register with the content of E. 

6) Firing off an "ultimate pulse”. This copies the original operand word from 
M into E. 

7) Rewriting the original operand back into the selected Memory Element register. 


In the case of the V Memory, a rewrite phase is not necessary since the readout 
is not destructive. 


March 1961 


1 


a 
LOB 


a aan 
( fom vFFze) “ef.a| qf a=. 


in © We | 
I@ Gee | 
1@ ee | 
\9 Lc,e ‘| 


LDB Feaom B  itustRatve exane 


lool © [TE [oan 
f—|—-l| b» | » | 


ae y 


“Lead ised BT 


Ustimate 
opie] @ fe a 


LDA(B, Cant D) (24 (5 6 ond7)) 


24025 HOT 


LOAD A, B,C,D FROM MEMORY) LDA LDB LDC LDD 
Px [eal 


2 - _1lO,PI, 


OP Class Decoder Lines Up: PKIR@f, pxrrind, pare’ QKIR™ QKIRIm4 4 PKIRAE 


@ktr'“*> QKIRA; QKIR> > @xre®; gue 5 @aree; Qkrr4 > axrR? 
CAN 6-6-6! 


STORE E (IN MEMORY) 


OP CODE DESCRIPTION. STE "stores" the content of the E register in the selected Memory 
Element register. STE is a configurable and indexable instruction. 


SPECIAL FEATURES. The "ultimate pulse", which normally copies the word to be "stored" 
in memory also into the E register, does not occur. 


DETAILS. See the description of the STA (B, C and D) OP codes for an explanation of the 
basic "storing" process. The execution logic for STE is similar to that for the other 
ST- OP codes, except that the transfers copying the content of the specified register 
into E and vice versa are omitted, since E is the specified register, and the "ultimate 


pulse" does not occur. 
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FILE CONFIGURATION (IN MEMORY) 


OP CODE DESCRIPTION. FLF "files" the content of the specified F Memory register in the 
selected Memory Element register. FLF is an indexable, but non-configurable instruction. 


SPECIAL FEATURES. An FK cycle is initiated during the PK cycle. The PK counter controls 
the E register pulses during part of the instruction. Quarter wise shifting to the right 


occurs in E. 


DETAILS. The FK cycle, initiated by pxl3%, shifts the content of E quarter wise to the 
right. The content of the F Memory register selected by the PKIR Gp bits is then loaded 
into Ej): The content of E is then shifted quarter wise to the left. This leaves the 
content of the selected F Memory register in EB: The FK counter then stops and the QK 
counter starts. At ax 30 the content of EY is transferred into M: This places the 
content of the selected F Memory register in M, and leaves My 5 with its original content. 


The content of M is then written in memory. 
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FILE GROUP (OF FOUR CONFIGURATIONS IN MEMORY) 


OP CODE DESCRIPTIONS. FLG "files" a group of four successive F Memory words in a single 
register in the Memory Element. FLG is an indexable, but non-configurable instruction. 


SPECIAL FEATURES. An FK cycle is initiated during the PK cycle. The FK counter controls 
E register pulses during part of the instruction. PIIRGp is indexed three times. 
Quarter-wise shifting to the right occurs in E. 


DETAILS. The FK cycle, initiated by px 30 repeats four times the basic process of 
loading E with the content of an F Memory register. The first word read out of the F 
Memory comes from the register selected by the CF bits. The content of E is shifted 
quarter wise to the right before the content of QKIRAp is copied into Ey. (The content 
of E, is not shifted and is lost.) 

Before the first FK iteration, PKIRGp is inhibited from indexing. However, before the 
second FK iteration, PKIRGp is indexed by one so that it selects the next F Memory 
register. The content of E is again shifted quarter wise to the right and the new 
content of QkTRop is then loaded into E,- 


At the end of four iterations, E contains the contents of four successive F Memory 
registers with the first in E)» the second in EB, ts etc. 


After the FK counter has loaded E with the content of four registers in the F Memory, 


FK stops running. The QK counter then starts and stores the contents of E in the 
selected Memory Element register. 
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STORE A, B, C, D (IN MEMORY) 


OP CODE DESCRIPTION. ST- "stores" the content of the specified Arithmetic Element 
register in the selected Memory Element register. These are indexable and configurable 


instructions. 


SPECIAL COMMENT. The basic execution logic of these instructions is found in modified 


form in all the gxrr St ORE type instructions. 
DETAILS. The basic "storing" process consists of: 

1) "Reading" the content of the selected Memory Element register into M. Slight 
variations will occur in this process depending on which memory register is 
selected. 

2) Loading E with the content of the specified Arithmetic Element register. 

3) Configuring the content of the specified Arithmetic Element register. This 
consists of inversely permuting the content of E and then transferring the 
content of E into M under permuted activity control. 

4) Restoring the content of E. This is done by a direct permutation pulse. In 
STA (B, C, D) this is an unnecessary step, since the effect is wiped out by 
the succeeding "ultimate" pulse, but it is used by certain OP codes (e.g., 
STE) which make use of the basic store process. 

5) Firing off an "ultimate pulse". This copies the word being stored in memory 
into E. 

6) Writing, i.e., "storing", the content of M in the selected Memory Element 


register. This process will vary depending on the memory selected. 
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INTERSECT E (WITH MEMORY) 


OP CODE DESCRIPTION. ITE "intersects" (logically AND's) the active quarters of E with 
the content of the selected Memory Element register. The logical product is left in the 
E register. ITE is an indexable and configurable instruction. 


SPECIAL COMMENT. The logical AND of the content of M and E is formed by copying the 
ZEROS of M into E. 


DETAILS. The logic of this OP code is the same as that of LDE, except that ZEROS are 


copied into E under permuted activity control in ax 3a instead of ZEROS and ONES, and 
nodgn extension occurs. 
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INTERSECT A (WITH MEMORY) 


OP CODE DESCRIPTION. ITA “intersects” (logically AND's) the active subwords in A with vk 
the content of the selected Memory Element register. The logical product is placed in 4a 
the A register. ITA is an indexable and configurable instruction. 


SPECIAL COMMENT. The logical OR of the content of A and E is formed by copying the ONES 
of Ainto E. The logical AND of the two factors is formed by complementing in E the 
logical OR of their two complements. 


DETAILS. The E register is cleared and complemented. The content of M is transferred 

into E under permuted activity control and then the content of E is directly permuted. 

Finally, the sign of the configured operand is extended. These operations set up E for 
the logical manipulations that take place during the balance of the QK cycle. 


a 
At a . the inactive subwords of E contain ONES and the active subwords contain the 
configured operand with its sign extended. The A and E registers are now complemented. 
This places ZEROS in the inactive subwords of E. 


The ONES in A are now transferred into E. This leaves the logical sum (a + Yor ) in 
SE 


the active subwords of E and a in the inactive subwords of E. E is now complemented. 
The active subwords of E now contain the logical product (Yor + a) and the inactive 
SE 


subwords contain a. The content of E (the logical AND) is now copied into A. The 
original operand (y) is rewritten in memory and also copied into E. 
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UNITE A (WITH MEMORY) 


OP CODE DESCRIPTION. UNA "unites" (logically OR's) the active subwords in A with the 
content of the selected Memory Element register. The logical sum is placed in the A 
register. UNA is an indexable and configurable instruction. 


SPECIAL COMMENT. The logical OR of the content of the A and E register is formed by 
copying the ONES of A into E. 


DETAILS. The execution logic for UNA is identical to that for ITA except for the three 


complement pulses to A and E at a at ae ap and ae il Thus the logical OR, rather than 
the logical AND of the two numbers is placed in A. 


March 1961 


he 


(8) 
aw 
H ' @iese |! 
Oe Ne fee 
,OLpre, 
'@ LOE | 
oie 


—— 
Sax . }- 


Risaked boll Die ae 5 See 


Si6Nn 
Extension 


"Onite” Sien- 
Exrenoép, Con- 
Fisuely Com reurs 
oF Memory With 
Contents of F 


UNA (42) 


42 


UNITE A CWITH MEMORY UNA 
PK 00, PK 


ol Qrstort . ihe © e Roe DS |start FK, Lo, Pr, 
Ot ot) 


| SEE QKM TIMING 


| ete 

- aX — Ler E 
14 lle QK —— 

Lee E 


SEE QKM TIMING 


OP Class Decoder Lines Up PKIRAET 
PKIRiN4 
PKIR&K 
PKIRAE 
@krr'4 
a@KrRieed 


CAN 6-8-6! 


SKIP IF E DIFFERS (FROM MEMORY) 


OP CODE DESCRIPTION. SED compares the content of the E register with the content of 
the selected Memory Element register; if any of the active subwords "differ", a SKIP 
occurs, i.e., P is indexed twice during the PK cycle instead of once. SED is an 
indexable and configurable instruction. 


SPECIAL FEATURES. SED has an extended PK cycle (pe ) through pret). SED is also 
characterized by: (1) double indexing of P; (2) "exclusive or" transfers between M 
and E under permuted activity control; and (3) a pe waiting state. In this in- 
Se os the active quarters of E are sampled for a non-zero condition by an 


eo net. 


DETAILS. The SED example shown was worked out for a specific configuration and for 
specific numerical values of operand and data in E. The general features of the 
instruction should be apparent from the example. 


In the example, the original content of E is shifted quarter wise to the right by an 
inverse permutation pulse. An "exclusive or" transfer between M and E under permuted 
activity control then occurs. This is followed by a direct permutation. This process 
compares the bits in the active quarters of E with the corresponding bits of the 
configured operand. If the compared bits are identical, ZEROS are left in the corre- 
sponding E bit positions; if they are not identical, ONES are left in the E bit 
positions. 


At gt E) contains Yy, + e and E, contains Vy + G5: 
Y, = ys therefore y, +e, is all ZEROS. However, y, # €,» therefore y, + e 
some ONES. 


In the numerical example, 


By contains 


The pore e net samples the active quarters of E. An "E different from memory" 


condition is discovered in E, and an goxiP ZERC level is generated. PK meanwhile 


2 ZERO 
jumps to the pr? state from the PK oe waiting state. Since pel sees an " iaed 


level, P is indexed (note that P was already indexed in ame e 
ie et 
Note that the change sequence condition are sampled both in P. and in P * 
The balance of the QK cycle restores E to its original content and executes the write 


cycle. The numerical example shows how the second “exclusive or" transfer restores E 
to its original value. 
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JUMP ON OVERFLOW (IN A) 


OP CODE DESCRIPTION. JOV performs a "jump" to the specified memory address, if the 
overflow flip-flop in the sign quarter of any active subword of A is set (zi). JOV 
is an indexable and configurable instruction. 


SPECIAL FEATURES. JOV has an extended PK cycle (PK through PK") and no QK cycle. 
This is an instruction in which the FK counter is started in the PK cycle, since 
configuration information is used to determine the fracture and activity of the A 
register. An AEJ net is used to sample the Z overflow flip-flops. 


1a 
DETAILS. Pe samples the AEJ net. If an AEJ level is present, the output of the 
X Adder is strobed into P and the content of P is transferred into E, The output 
of the X Adder is the indexed base address. 


2,1° 


Note that P is not changed if an alarm condition exists (AL) unless the Auto Start 
switch is turned on. 


Note also that the change sequence condition is sampled both in rai and pee, 
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JOV 


JUMP ON POSITIVE A 


OP CODE DESCRIPTION. JPA performs a "jump" to the specified memory address, if the sign 
of any non-zero subword in A is positive. JPA is an indexable and configurable instruction. 


SPECIAL FEATURES. JPA has an extended PK cycle (px? through PKe+) and no QK cycle. This 
is an instruction in which the FK counter is started in the PK cycle, since configuration 
information is used to determine the fracture and activity of the A register. An AEJ net 
is used to sample the state of the sign bits in the A register. 


DETAILS. Px" samples the AEJ net. If an AEJ level is present, the output of the x 
Adder is strobed into P and the content of P is transferred into + The output of 
the X Adder is the indexed base address. 


Eo 


Note that P is not changed if an alarm condition exists (AL) unless the AUTO START switch 
is turned on. 


Note also that the change sequence condition is sampled both in pe and pt, 
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JUMP ON NEGATIVE A 


OP CODE DESCRIPTION. JNA performs a “jump” to the specified memory address, if the sign 


of any non-zero subword in Ais negative. This is an indexable and configurable in- 


struction. 


SPECIAL FEATURES. JNA has an extended PK cycle (PK? through PkK°) and no @K cycle. 
This is an instruction in which the FK counter is started in the PK cycle, since con- 
figuration information is used to determine fracture and activity in the A register. 
AEJ net is used to sample the state of the sign bits in the A register. 


DETAILS. pot samples the AEJ net. If an AEJ level is present, the output of the 


X Adder is strobed into P and the content of P are transferred into E, " 
aed 


1 The output 
of the X Adder is the indexed base address. 


Note that P is not changed if an alarm condition exists (AL) unless the AUTO START 
switch is turned on. 


Note also that the change sequence condition is sampled both in — and pK, 
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EXCHANGE A (WITH MEMORY) 


OP CODE DESCRIPTION. EXA "exchanges" the content of the A register with the selected 
Memory Element register. EXA is a configurable and indexable instruction. 


SPECIAL FEATURES. The content of M and E are “exchanged” under permuted activity control. 


DETAILS. M is loaded with the operand word and E is loaded with the content of A. 

The content of E is then inversely permuted; an interchange of the content of M and E 
under permuted activity control occurs; and then the content of E is directly permuted. 
This leaves the inversely configured content of A in M and the configured operand word 


in E. The sign of the configured operand word is then extended. 


The balance of the QK cycle is used to load A with the configured operand word, with its 
sign extended, and write the configured original content of A in memory. 


Note that this instruction essentially performs a LDA and a STA simultaneously. 
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INSERT (A IN MEMORY) 


OP CODE DESCRIPTION. INS "inserts" (stores) the content of the flip-flops in A, 
corresponding to those flip-flops in B containing ONES, into the selected Memory 
Element register. The other memory bits in the selected Memory Element register are 
left unaffected. The effect of the instruction would be identical to that of a STA in 
which bits of A were transmitted to memory through a "mask" (or "sieve") corresponding 
to the ONES of B. INS is a configurable and indexable instruction. 


SPECIAL COMMENT. The logical AND of the content of two registers is formed by copying 
the ZEROS of one register into the second register. The logical OR of the content of 

two registers is formed by copying the ONES of one register into the second register. 

The logical AND of two factors is formed by complementing the OR of the complements of 
the two factors. 


DETAILS. The timing and an example of the instruction are illustrated in the figure. 


In the example the bits in corresponding to ONES in B, are placed in Y,. Y, is 
3 2 2 


associated with A, and B3 because of the configuration. Whenever there are ZEROS in 
accomplishes the desired "masking" operation. 


the corresponding Y, bits are left unaltered. The expression (b, * Yo. b3 : a.) 


First b, * Yo is formed in M,: Then b, : a, is formed in E,: The logical OR of these 


two terms is formed by copying the ONES in E, into M,- M, now contains b, "Yo" bs a 3 


and this is rewritten in the Y5 quarter of the memory register. 


3 


Similarly (b, * ¥y +b a5) is formed and stored in the Y, quarter of the memory 


register. 


March 1961 


INS 


fy ib $4 b 
ae Nomeeica. Exampig 4, [Lo om ' 006 I| qt_eo1o} 0} d 


o | | Is wustemve ranne = (BET pT + RTT 
Cpnsvaekasion o,loifmeototra «fendi ero7 
a 
Oda! ie rs a 
SA | < ; re nny . — 
~=" i [rssLiet esl 4lisieie te 
OT Oe Dara 7" 
har 5) ‘ See A) a —_ 
ate LO lpe _o mundaice] example b-4, [2 o67T O60 ol] bs 4) 
s Gm BLESSIES aE Te 
INS <(be av = - 
(Beep tart), —o¥ (Evge+by 4) ETSTETSSM |(b.-ysbegT STOTT ere] 


AE I: SRM SE NO Ae ee 


hoeicaL Titan sreitg 


by) ne ig 
"by, , Pre bur b,< 
mashes ee) bh 


fa eRe 


INS(SS) 


ri 
as 
© 
+ 
Lom 
a 
ae 
ral 
= 
PF 
& 
2 
, 
= 
I« 
— 
sz 


ope) 


q INSERT (AIN MEMORY) INS 


[start .FK, (O, PI, 


om, 


SEE QKM TIMING 


Cc a reel 
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CAM 6-9-6) 


(PERMUTE AND) COMPLEMENT (MEMORY) 


OP CODE DESCRIPTION. COM permutes the content of the selected Memory Element register 
and complements the active subwords. Sign extension also occurs in the active subwords. 


The result of the operation is placed both in E and in the selected Memory Element register. 


COM is an indexable and configurable instruction. 


SPECIAL FEATURES. There are no transfers between M and E or E and M under permuted 
activity control. E is complemented under activity extension control. 


DETAILS. Eis cleared. The content of M, previously read out of memory, is then copied 
into E and a direct permutation pulse is fired off. Sign extension then occurs in the 


active subwords in E. The final step consists of complementing the active subwords of E. 


The result now contained in E is transferred into M and written in the selected Memory 


Element register. 
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TRANSFER DATA 
(BETWEEN MEMORY AND IO BUFFER) 


OP CODE DESCRIPTION. TSD transfers data between the specified IO Buffer and the selected 
Memory Element register. There are six different modes in which data can be transferred. 
TSD is an indexable and conditionally configurable instruction. 


SPECIAL FEATURES. TSD has an extended PK cycle (pK? through pK), The instruction is 

also characterized by: (1) TSD waiting state logic in py and pe; (2) cycle to the 
left and cycle to the right transfers from E to M; (3) IOCM control levels; (4) splayed 
data transfers; (5) no sign extension. 


DETAILS. The IOCM levels (10cM°U", toc™ORMAL rocyMEFT) determine the six kinds of data 


transfer. zrocM"T 45 usea only when the Toc CRMAL (i-e., tocmS | level exists 


and affects the data transfer between E and M. room EFT (rocmeEFT ) indicates that the I0 
unit is running in the forward (reverse) direction. SD data transfers are not affected 
when the tocu™ SEAS, level exists. room? determines whether data will be transferred 
from memory to the IO buffer, or vice versa. 


NORMAL Data Transfer IN. The configured operand is placed in E without sign 
extension. The content of the I0 Buffer, represented by IOBM, is then jammed into 

E. The IOBM levels can present either a ONE or ZERO input to a given bit of E, or 
neither. The content of E is then inversely configured and placed in M. The content 
of Mis then written in memory, and copied into E. 


NORMAL Data Transfer OUI. The configured operand is placed in E without sign 
extension and the I0 Buffer is cleared. The content of that part of E which 
corresponds to the I0 Buffer is then copied into the 10 Buffer. This is done by 
the — IOU pulse which occurs 0.8 microsecond after the E register is set up in 
order to allow signals on the IO Buffer to stabilize. The content of M is then 
written in memory, and copied into E. 


ASSEMBLY Data Transfer IN (Forward/Reverse). In this case, the IO Buffer data is 
"assembled" rather than configured. The wnconfigured 36 bit operand word is first 
copied into E. If a six bit IO Buffer is involved, every sixth bit in E is loaded 
with the content of a buffer bit. By means of six successive TSD's, 36 bits of 
input data (six lines) can be assembled in a single Memory Element register. During 
each TSD, the operand is rotated to the left one place if the IO unit is running in 
the forward direction (rocm-EFT and to the right one place if the IO unit is running 
in the reverse direction (I ). This rotation occurs as the word is copied 


from E into M. The content of M is then written into memory and copied into M. 
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ASSEMBLY Data Transfer OUT (Forward/Reverse). The unconfigured 36 bit operand word 


is copied into E, and the IO Buffer is cleared. The content of the bits of E which 
correspond to the IO Buffer is then transferred to the IO Buffer. The bits selected 
depend on the room =FT level and the particular IO unit selected. In the case of a 
six bit IO Buffer, six successive output TSD's will disassemble a 36 bit memory word, 
so that six successive input TSD's can reassemble it. The content of E is cycled to 
the left (right) as it is copied back into M if the tocm-EFT (tom =?) level exists. 
The content of M is then written in memory and at the same time copied into E. 


Interlocking. There are several interlocking features that are peculiar to TSD. In 
addition to the ordinary wait conditions examined in ree certain TSD wait conditions 
are examined. These wait conditions depend on whether the selected IO Buffer is busy 
or the QK cycle of a previous TSD is going on. If either of these conditions exist, 
the flag of the current sequence is lowered at Pe, A change of sequence can then 
occur, or PK can wait in the prs waiting state until the flag of the current 
sequence goes back up again or a change of sequence occurs. 


PK also waits in PK a for the QK cycle of the TSD to proceed past a certain state. 
The specific state depends on the hold bit of the TSD instruction. The hold bit is 
represented by the content of PI,. If PI,, then PK waits until Qt", before 
jumping from PK*~ to PK, In this case the TSD will be followed by another 
instruction, i.e., the current PK cycle will be followed by another PK cycle. 

If Ply, then PK waits until Q@° before jumping from PK” to PK*™, In this case 
the current sequence is dismissed (PKIR, . per 2S REQ) and therefore the current 
PK cycle will be followed by a DSK or CSK cycle. Since either of these cycles would 
deselect the I0 Buffer used by the TSD (by changing KD), PK is forced to wait in 
pe (thus preventing the DSK or CSK cycle from occurring) until the QK cycle of 
the current TSD is essentially complete, i.e., witil Qo . 


During the QK cycle of a TSD, no IOI clock pulses are allowed to be generated by an 


overlapping PK or DSK cycle, since these pulses can disturb the selected IO unit 
during the TSD. 
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16-6 PK-QK-AK INSTRUCTION CYCLES 
16-6.1 INTRODUCTION 


These instructions perform operations on data in the Arithmetic Element. They are 
characterized by the fact that the AK counter controls the pulses which occur in the 
Arithmetic Element. 


In all but one of these instructions an operand is first loaded into D. (In TLY, the 
operand is loaded into A.) Except for the pulse which transfers the contents of QKIR 
into AKIR in ax 3 and the pulses in gx which start the AK counter and sets the 

"AE predict" (AEP) interlock, the PK-QK execution logic is identical to the LDD (LDA in 
the case of TLY) PK-QK execution logic. For this reason the timing charts in this 
section emphasize the events initiated by the AK counter. 


Generally the illustrations accompanying the timing charts in this section give specific 
numerical examples. The state of each register involved in the execution of the 


instruction is given at each AK time state. 


The figure on the next page tabulates the principal logic elements in the Arithmetic 
Element. 
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CYCLE A, B OR AB 
SCALE A, B OR AB 


OP CODE DESCRIPTION. In the CYcle OP codes the subwords in the A (B or AB) register are 
shifted bitwise to the left or right a number of places determined by the operand. The 
CYcle OP codes ignore the state of the overflow flip-flops and rotate the entire subwords. 


The execution logic for the SCale OP codes is generally similar to that for the CYcle OP 


codes, except that the shifting is open ended and involves the overflow and sign bits. 


SPECIAL FEATURES. The FD level indicates when the required shifting is completed, i-e., 
when the "count in D is finished”. The Z flip-flops are not cleared in CYcle instructions, 
but are cleared in SCale instructions. These instructions use the Shift Coupling Units. 


DETAILS. The clearing and presetting of ASK is an unnecessary operation since ASK levels 


are not used in the execution logic of either the CYcle or SCale OP codes. However, the 


ASK count pulses occur each time the subwords are shifted. 


CYcle. Dis loaded with the operand and the positive operand subwords complemented. 
The original sign of the subwords is remembered in the Y flip-flops. A shift left 


occurs if the sign is positive, and a shift right if negative. 

ars 
The first pulse shifting the content of A and counting in D occurs at - The 
succeeding shift and count pulses occur in ae'e. The shift and count pulses 


continue until FD indicates that all the subwords are completely shifted. 


Note that during these instructions the A and B coupling units connect the left 


end of the subwords to the right end of the same subwords so that the subwords are 


simply rotated, left or right, the specified number of places. 


SCale. Dis loaded with the operand and the positive operand subwords complemented. 
The logic fr these instructions is identical to the logic for the CYcle instructions, 


with the following exceptions and additions: 


The content of the sign digit in each subword is not altered, i.e., information can 


be shifted out of, but not into the sign digit position. If the shift is to the 
left, then the digit to the right of the sign digit is not shifted into the sign 
digit. Similarly, if the shift is to the right, then the right-most digit of the 
subword is not shifted into the sign digit position. 
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72 


If there is an overflow left from a previous instruction, it is shifted into the 


subwords during SCA and SAB instructions and the overflow flip-flops in the sign 
digit position are cleared. If the shift is to the left 6) » then the sign digit 
is complemented before the shifting begins (ar? a. If the shift is to the right 
(7) » then the sign digit is complemented at the same time as the first shift and 
count pulses; this shifts a ONE (a ZERO in negative numbers) into the bit position 
to the right of the sign bit on the first shift. 
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AKIR®*= CYA (m) + CYB (+ CAB (62) + SCA(TO) + SCE (I) + SAB G2) 
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NORMALIZE A, AB 


OP CODE DESCRIPTION. The active subwords in A (AB) are shifted to the left until 

Alig # A, ig: The number of shifts required to accomplish this is subtracted from the 
content of the sign quarters of the operand subwords in D. If an overflow exists in an 
active subword, the subword is shifted one place to the right, the overflow is shifted 
into the sign bit, and the sign quarter of the operand subword in D is indexed. 


SPECIAL FEATURES. A o- (sigma) level is used to indicate when A, 9 = A, 8 in the sign 
quarter. If the data contains all ZEROS or all ONES, ASK prevents the number of shifts 
from exceeding the register length. These instructions use the Shift Coupling Units. 


DETAILS. The case where an overflow has occurred in a previous instruction is shown in 
one of the accompanying examples. ASK is cleared and preset and D is loaded with the 
operand. 


Since an overflow condition is indicated, the sign bit is complemented and at the same 
time the content of the data register is shifted to the right. Since a shift to the 
right occurs, ONE is added to the uncomplemented operand in D. The pulses doing all 
this are fired off in aKoe™, 


Pulses that complement D and clear the overflow flip-flops occur at are Sa 


The oo (sigma) level seen at ved Nor prevents further shifting from occurring. D is 
complemented again and AK reset to AK e by this logic. 


The other example shows the "no overflow" case. In this case the shifting is to the 
left and all the shifting and cowting pulses occur in ved nied after D has been com- 
plemented at aK3™, when a “@ level occurs, the counting is inhibited, D is again 
complemented and AK is reset to are Oe. 


If no @ level occurs, i.e., if the number being normalized is positive or negative 
zero, then ASK will eventually become positive and stop the shifting process. 
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DISTINGUISH A (FROM MEMORY) 


OP CODE DESCRIPTION. DSA "partially-adds" the content of the selected Memory Element 


register to the content of the A register. The partial sum is left in A and the carries 


are left in C. Logically the OP code is defined as 


A 8 tag A 
DSA = 


C.t A? Sage SG 


SPECIAL FEATURES. Partial addition is performed by a "pad" pulse. No coupling units 


are used. 


DETAILS. The clearing and presetting of ASK are unnecessary operations, since ASK 

levels are not used in the instruction. Note that C is not cleared before the partial 
addition is performed. This results in the “carries” accumulating in C. Thus, in the 
example the partial sum of A. 2 and D. 2 produces a carry, but c. 2 already contains a 
ONE, therefore C. is not affected. On the other hand, the partial addition of A. 6 


1.2 
and Dy 6 produces a carry which appears in Cc 6° (c, 6 Was previously ZERO. ) 


Note that this instruction is amply an abbreviated ADD instruction. 


See also ADD (67) and SUB (77) discussion. 
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ADD (MEMORY TO A) 
SUBTRACT (MEMORY FROM A) 


OP CODE DESCRIPTION. The content of the selected Memory Element register is ADDed 
(SUBtracted) from the content of the A register. If an overflow occurs, it is 
indicated by the Z overflow flip-flops in the sign quarters of A. 


SPECIAL FEATURES. Overflow logic is used in controlling the state of the Z flip-flop 
in the sign quarter(s). The addition (subtraction) is performed by "partial addition" 
and "carry"logic. These instructions use Carry Coupling Units. 


DETAILS. ‘The clearing and presetting of the ASK counter is an unnecessary operation, 
since ASK levels are not used in the instruction. 


The active subwords of C are cleared preliminary to the partial addition operation. 
(This pulse does not occur during a DSA.) 


If a subtraction is involved the active subwords of D are complemented. This is the 
only pulse where an explicit ‘distinction is made between the ADDition and SUBtraction 
logic. 

ADD 
The content of A and D are partially added in ae’ 3B The partial sum appears in A and 67 
the carries in C. (During a DSA, AK does not progress beyond this state.) 


A complete carry is propagated through the active quarters of A. The complete sim 
appears in A after this operation. 


The last step in the logic forces the sign of D to agree with the sign of the original 
operand as remembered by Y. (The only time they can differ is when a SUBtraction is 
executed. ) 


The logic controlling Z is complex and is described in Chapter 1}. Note that in both 
the ADD and SUB examples, Z is cleared and set early in the AK instruction. If no over- 
flow has occurred, Z is cleared by the reset Z logic in the last AK state. In the 
ADDition example no overflow occurs and Z is cleared. However, in the SUBtraction 
example an overflow does occur and Z is left set. The logic selects the Z flip-flop 
associated with the sign quarter in A, i.e., the quarters selected by the Roman numeral 
levels. 
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TALLY (ONES IN MEMORY) 


OP CODE DESCRIPTION. TLY examines the content of the selected Memory Element register 
for ONES. The number of ONES appearing in active subwords is added to the content of 
the corresponding sign quarters of the D register. Except for the effect on D, the 
final result is as if a LDA instruction were performed. 


SPECIAL FEATURES. The operand is loaded into A instead of into D as is normally done 
in AK type instructions. This instruction uses the Shift Coupling Unit. 


DETAILS. ASK determines the number of shifts that will occur in A. The number of shifts 
equals the length of the subword. ASK is preset to a value determined by the fracture 
specification of the instruction. In the example, ASK is preset to 170, since an FR, 
(9,9,9,9) fracture is specified. For each shift in A, ONE is added to the contents of 
ASK. The final value of ASK is always O01. Before each shift the state of the sign bit 
of Ais examined. If a ONE is sampled, the corresponding (sign) quarter of the D register 
is indexed. (D acts as a counter.) 


In the example, A, contains three (3) ONES. Note that D contains 006 at the end of the 
instruction and 003 at the beginning of the instruction, i-e., the accumulated count in 
D is 003. 


The subwords in A are rotated, as in a CYcle instruction, so that the content of A at 


the end of the instruction is exactly the same as after the operand was originally loaded 
in A. 


March 1961 


TLY 
7TH 


OPERATION 


ooOoo°o 


0 
° 
° 
re) 
9 
° 
° 
° 
° 
Se) 
be) 
54) 
re) 
° 


Gooo!o)co!lo 


000000 \ 


\ 


0643}0 00066 


ILLUSTRATIVE EXAMPLE 


TLY 


OPEZAND ( loaned mw A From Memogy) 22+. 44 (COOL O16 


D  Feom Previous INSTevcTION) «. |O 0 O:0 0 0}o 1 | 


iN 


‘( Leer 


Dara 


ConF 1@v@ATION 


Cirso ExanpPLe: 


INFORMATION For TwE 


Deewative 


i 


Roman Numeedl ( Siew Quaeree) 


St Preser 


1270 


TLY (7#) 


a 


TALLY (ONES IN MEMORY) 74 
© Og cc | TLY 


QKIRety , —F-PAKIRefy.g 
> — : 
QKIRS 41} AKTR ef g 


Qk1Rop, ,—t- AKI Rop,., 


OPERATE (ARITHMETIC ELEMENT: No,- Ni)  OPRA® O4 


OP Class Decoder Lines Up: QKIR™ GKIRAEK, axrr'ee! QKIR 4 
QKIRA 


tet AK 
het AK st 8 8 > 


ASK's | ASK 


A+ | —pe aK 
Cc ‘ ASK; oe LOL AKiy, LL AKe 
ASK} © ASKL + ASKS * ASK, © ASK « sen ©. AEP 
0 


bs, A, 
D+ l—d, 


Caw 6-2-6) 


DIVIDE 


OP CODE DESCRIPTION. DIV divides the content of AB by the content of the selected 
Memory Element register. The quotient appears in A and the remainder in B. If an 
overflow occurs the Z flip-flops are set. With the exception of the possible generating 
of remainders and/or overflows the instruction is the inverse of MULtiply. 


SPECIAL FEATURES. The ASK counter is used to count the number of carry (CRY), partial- 
add (PAD) loop iterations. In this instruction, the Z and Y flip-flops are used in the 
sign control logic although the Z flip-flop is also used in the DIV overflow control logic. 
DIV uses the Carry Coupling Units and the Shift Coupling Units. 


DETAILS. The configured operand (divisor) is loaded into D at ar ue, The QK execution 
logic is identical to that of a LDD, except for the pulses indicated on the DIV time 
chart. gx Mee starts the AK counter which controls the division logic. 


The pulses clearing and presetting the ASK counter occur at AK and ae? eh respectively. 
In the example ASK is preset to 170- This value is determined by the length of the longest 
subword specified by the configuration. 


The sign of the dividend is copied into Z and the content of AB is made negative at ak’ ae 
The C register is also cleared as a preliminary to storing the partial carries in the 
succeeding steps. If A and D have the same sign then the content of D is made negative 
at ae?" The first pad pulse is fired off in ae? 


The CRY-PAD loop is now entered. Each time the loop is traversed a count ASK pulse occurs. 


Certain characteristics of the CRY-PAD loop should be pointed out. (The carry and partial 
add logic are fully explained in Chapter 14. An end-around carry does not oceur in DIV; 
instead, the content of the sign bit in Dis carried into the right end of the carry 
circuit of each subword. Note that a complete carry occurs in each traverse of the loop. 
Before the partial addition occurs, the sign of D is always made the complement of that 
of A. At the end of each CRY-PAD loop the content of AB is shifted (rotated) one bit to 
the left in each subword. The bits shifted into the right end of each subword in B 
generate the quotient. Note that this shift is made after the decision to traverse the 
CRY-PAD loop again. During the last loop (asic, 5 As) at aX? 9) the content of B is shifted 
to the left, but not the content of A. Whether or not the pad pulse is fired off in this 
last loop is conditioned by the sign of the subwords in A. This last loop generates the 
correct remainder in A. 


On the last traverse of the loop ASK is indexed so that ASK, ° ASK, ® asi) is true, and 
AK jumps to art . 
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DIV 
T2 


ak i interchanges the content of A and B, placing the quotient in A and the remainder 
in B. 


ax & takes care of the sign and overflow conditions. If the quotient is negative at 
axle then an overflow occurred during the division process. Note that if an overflow 
occurs and the dividend is less than twice as large as the divisor, then the overflow can 
be shifted into A by a SCale or NOrmalize instruction and the correct quotient obtained. 
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MULTIPLY 


OP CODE DESCRIPTION. MUL multiplies the content of A by the content of the selected 
Memory Element register. The signed product is left in AB by the instruction. 


SPECIAL FEATURES. The ASK counter is used to count the number of multiply-step (MS) 
partial-add (PAD) loop iterations. In this instruction the Z and Y flip-flops are 

used in the sign control logic. MUL uses the Carry Coupling Units and the Shift Coupling 
Units. 


DETAILS. The configured operand (multiplicand) is loaded into D at ar a The QK 
execution logic is oe to that of a LDD, except for the pulses indicated on the 
MUL time chart. ax? starts the AK counter, which controls the multiplication logic. 


The pulses clearing and presetting the ASK counter occur in areo* and are respectively. 
In the example ASK is preset to 170. 


a 
At aw ms Z is cleared in the active sign quarters and the content of A (multiplier) is 
transferred into B. The C register is also cleared as a preliminary to storing the 
partial carries in the succeeding steps. 


In ar’ ia the multiplicand in D is made positive. Yy is used to remember the original 
sign of the multiplicand. The multiplier in B is also made positive by complementing B. 
2, is used to remember the original sign of the multiplier. 

The first partial-add pulse is fired off in ak? om The pad pulses are always conditional 
on the right-most bit in B being in the ONE state at the time the pulse is fired off. 

The first ASK count pulse also occurs at this time. 


The MS - PAD loop is now entered. ASK records each traverse of this loop. (The multiply 
step and partial-add logic are fully explained in Chapter 14.) The MS pulse occurs in 
av3% and the PAD pulse in AK2", Note that each MS pulse shifts the content of AB one 
bit to the right. 


When ASK reaches the ZERO state (asi?) AK leaves the loop. 

At ax? a a full carry pulse occurs. After this pulse, the magnitude of the product is 
contained in the AB register. (The right-most bit in B is a duplicate of the sign bits.) 
tf 25 } Vy tee., if the sign of the multiplicand and multiplier were not originally the 
same, AB is complemented, i.e., made negative. The multiplicand is also given its original 


sign, as remembered by Y,- 


The overflow bits are left cleared. 
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